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ABSTRACT 
Between 1997 and 1999, a total of 905 acinetobacters were collected in Hong Kong 
from blood cultures, clinical specimens and skin carriage samples in the Prince of 
Wales Hospital, and from environmental isolates o f soil, vegetables, fish and meat. 
They were identified to genomic species by amplified ribosomal D N A restriction 
analysis (ARDRA). One hundred and seventy-seven were unclassifiable, so called 
ARDRA unclassifiable acinetobacters (AUA). A U A accounted for 15 to 20% of 
clinical samples, 14% of hospital environmental samples, and 35 to 50% of raw food 
and soil samples. Identification of these A U A according to the recent taxonomy 
would elucidate the ecological and clinical roles of different Acinetobacter genomic 
species in human pathology within our region. 
In this study, a total of 42 A U A , representing five major A U A groups (11 U l , 9 U2, 
5 U19, 11 U54 and 6 U57), were characterized by tRNA spacer fingerprinting 
( tDNA), Fluorescent Ampl i f ied Fragment Length Polymorphism (FAFLP) analysis, 
and phenotypic methods based on the simplified 18-tests system of Bouvet and 
Grimont (1987). The minimum inhibitory concentrations (MICs) o f 11 antimicrobial 
agents were also determined. The combined results obtained from the genotypic and 
phenotypic methods linked two A U A groups, U54 and U57, to Acinetobacter D N A 
groups 2 and 7/8 respectively. Thus, the novel ARDRA profile 111(1+2) 1 of group 
U54 may be a new profile for A. baumannii (DNA group 2). The profiles (1+5) 4122 
and 54122 o f group U57 were related to A. johnsonii (DNA group 7) and A. Iwoffii 
i 
(DNA group 8). Excluding the outsiders (by the three methods), the six isolates of 
group U1 with ARDRA profile 35113 shared common genotypic and phenotypic 
characteristics, as did the seven isolates of group U2 wi th profile 31313. So, they 
might represent new yet undescribed D N A groups. Three of the five U19 isolates 
were genotypically and phenotypically diverse. 
The genotypic and phenotypic methods showed that the 11 U54 isolates were very 
similar, especially their FAFLP fingerprints. Enterobacterial Repetitive Intergenic 
Consensus (ERIC), using consensus primer ERIC2, confirmed their similarity. The 
U54 isolates were found to be clonally related and so were the other two U19 isolates. 
Cross transmission of U54 acinetobacters among the 11 patients in the seven 
different wards was therefore suggested. ERIC patterns, FAFLP fingerprints and 
phenotypic characteristics suggested that other A U A group isolates were clonally 
unrelated. Results from the reference strains and the clonally related A U A showed 







離取得來的。在這些不動菌株之中共有一百七十七株不能被Ampl i f ied 
Ribosomal DNA Restriction (ARDRA)方法分類，故稱「ARDRA 不能分類 





下各類分類法’包括： tDNA Spacer Fingerprinting (tDNA)，Fluorescent 





U54組別的新ARDRA組合111(1+2)1可能是不動梓齒A. baimamii ’即是 
脫氧核糖核酸基因組別戴；U57組別的組合(1+5)4122和54122可能與不動 
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Definit ions are given below the most common terms used in this thesis (Stmelens 
et al., 1996). 
A U A : I f strains or isolates are found to have an A R D R A profi le unmatched wi th 
the existing A R D R A profiles database as shown in Appendix I，then they are 
called “ A R D R A unclassifiable acinetobacters" 
Clone: The word clone w i l l be used to denote bacterial cultures isolated 
independently f rom different sources, in different locations, and perhaps at 
different times, but showing so many identical phenotypic and genotypic traits 
that the most l ikely explanation for this identity is a common origin (0rskov and 
0rskov, 1983) 
Epidemiologically related isolates: Epidemiologically related isolates are those 
cultured f rom specimens collected f rom patients, fomites, or the environment 
during a discrete time frame or f rom a well-defined area as part o f an 
epidemiologic investigation that suggests that the isolates may be derived f rom a 
common source. 
Genomic species: here called D N A groups. The division o f genomic species 
( D N A groups) o f Acinetobacter isolates should be based on D N A - D N A 
relatedness, and those cannot be differentiated phenotypically should not be 
named (Wayne et al,, 1987). 
xvii 
Genus: A collection of species wi th many characters in common. The taxonomic 
rank between species and family. 
Isolate: Isolate is a general term for a pure culture o f bacteria obtained by 
subculture of a single colony from a primary isolation plate, presumed to be 
derived from a single organism, for which no information is available aside from 
its genus and species. 
Outbreak: An outbreak is the increased incidence o f an infectious disease in a 
specific place during a given period that is above the baseline rate for that place 
and time frame. 
Species: A taxonomic group below the genus level in the taxonomic hierarchy, 
which is based on approximately 70% or greater D N A - D N A relatedness o f 
strains and phenotypic characteristics should agree wi th this species classification. 
Strain: A strain is an isolate or group o f isolates that can be distinguished from 
other isolates o f the same genus and species by phenotypic characteristics or 
genotypic characteristics or both. A strain is a descriptive subdivision o f a 、 
species. 
Taxonomy: The science o f classification. 
xvi 
CHAPTER 1 INTRODUCTION 
1.1 Taxonomy of Acinetobacter - historical and current 
Historical features 
The genus Acinetobacter has a complex taxonomic history. Bacteria, now 
allocated to this genus, have been given many different names, the most wel l 
known of which are Bacterium anitratum, Herellea vaginicola and Mima 
polymorpha, Achromobacter, Alcaligenes, Micrococcus calcoaceticus, 'B5W', 
Moraxella glucidolytica and Moraxella Iwoffii (Gemer-Smidt and Frederiksen, 
1993; Bergogne-Berezin et a!., 1996). In 1971，the Subcommittee on the 
Taxonomy o f Moraxella and Al l ied Bacteria decided that the genus 
Acinetobacter belongs to the family Moraxellaceae together w i th the genus 
Moraxella and Psychrobacter and related organisms, and contains only the 
oxidase-negative strains (Lessel 1971; Rossau et aL, 1991b; Bergogne-Berezin 
and Towner, 1996). 
In the absence o f sufficient criteria for speciation, only one species, A. 
calcoaceticus, and two varieties: var. anitratus (formerly Herella vaginicola) and 
var. Iwoffii (formerly Mima polymorpha) were recognized wi th in the genus 
Acinetobacter in Bergey's Manual of Systematic Bacteriology (Juni, 1984). 
1 
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Current taxonomic status 
It has long been known that the genus Acinetobacter was genotypicaily 
heterogeneous. Since 1986 the taxonomy has been reconsidered by combining 
D N A - D N A hybridization results with phenotypical data. Bouvet and Grimont 
(1986) characterized 12 DNA groups among 85 Acinetobacter strains, and of 
which 74 strains were placed in 12 different D N A groups. Based on this study, 
the fol lowing four nomenspecies were described: A. baumannii, A. haemolyticus, 
A. junii and A. johnsonii. In addition, the descriptions o f the old species A. 
calcoaceticus and A. Iwoffii were emended. DNA groups 1 {A. calcoaceticus\ 2 
(A. baumannii), 3, and D N A group 13 of Tjemberg and Ursing are genotypicaily 
closely related and phenotypically very similar, and have therefore been lumped 
together in the so-called A. calcoaceticus-A. baumannii complex or 乂cZ^-complex 
(Gemer-Smidt etal., 1991; Tjemberg and Ursing 1989). 
In 1988，an additional species, A. radioresistens, was described by Nishimura et 
al. (1988). Tjemberg and Ursing using D N A - D N A hybridization showed that this 
species corresponded to D N A group 12 defined by Bouvet and Grimont 
(Tjemberg and Ursing, 1989). Moreover, Tjemberg and Ursing verif ied the 
existence o f D N A groups 1 - 8 and 10 - 1 2 of Bouvet and Grimont scheme in 
1986, but were unable to discriminate between the closely related D N A groups 8 
and 9. Also, Tjemberg and Ursing (1989) described three additional D N A groups 
and subsequently designated them D N A groups 13 through 15. Concurrently, 
Bouvet and Jeanjean delineated five new proteolytic D N A groups and designated 
them D N A groups 13 through 17 (Bouvet and Jeanjean, 1989). D N A group 13 of 
2 
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Bouvet and Jeanjean apparently corresponds to D N A group 14 o f Tjemberg and 
Ursing (1989), whereas no correlation was found for any other new D N A groups. 
Therefore, D N A groups 13 to 15 require the suffixes T U {sensu Tjemberg and 
Ursing) or BJ {sensu Bouvet and Jeanjean) for precise description. 
In 1993, Gemer-Smidt and Tjemberg described two other new D N A groups 
wi th in the A. calcoaceticus-A. baumannii-compXQx, which were confirmed by 
D N A - D N A hybridization. One group was found to be closely related to D N A 
group 13 o f Tjemberg and Ursing. The other group was found to have D N A -
D N A hybridization values between those of D N A groups 1 and 3 (Gemer-Smidt 
and Tjemberg, 1993). 
Cello et al (1997) described an additional nomenspecies, isolated among ftiel-
oil-degrading bacteria f rom the Venice lagoon and named it A. venetiams. 
Rosenberg et al. (1979) described an industrially important strain as 
Acinetobacter strain RAG-1, which can produce a potent bioemulsifier. Later, 
Vaneechoutte et al (1999) using A R D R A , partial 16S r D N A nucleotide sequence 
comparison, biochemical characteristics and finally D N A - D N A hybridization 
confirmed that Acinetobacter strain RAG-1 belongs to ‘A. venetiamis,, which 
represents a new and distinct genomic species wi th in the genus Acinetobacter. A. 
venetiams has yet to be approved by the A d Hoc Committee on Reconciliation 
o f Approaches to Bacterial Systematics and published in the International Journal 
o f Systematic Bacteriology (USB). Nevertheless, these findings and the results o f 
as yet ungrouped strains in every D N A hybridization study (Bouvet and Grimont， 
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1986; Bouvet and Jeanjean, 1989; Tjemberg and Ursing, 1989) suggest that more 
D N A groups are likely to be characterized and delineated in future. 
Unt i l recently, 19-21 DNA groups have been recognized based on D N A - D N A 
hybridization within the genus by different researchers (Bouvet and Grimont 
1986; Nishimura et al., 1987 and 1988; Bouvet and Jeanjean, 1989; Tjemberg 
and Ursing, 1989; Gemer-Smidt and Tjemberg, 1993; Cello et al., 1997; 
Vaneechoutte et al, 1999). An overview of the currently delineated species is 
depicted in Table 1.1, in which only eight D N A groups were named (including 
the new nomenspecies A. venetianus), because the others could not be 
differentiated phenotypically. 
Table 1.1 Current delineation o f Acinetobacter genomic species by different 
researchers. 
DNA groups according to : 
Species name Bouvet and Grimont (1986) & Tjemberg and Ursing (1989) 
Bouvet and Jeanjean (1989) 
A. calcoaceticus 1 1 
A. baumannii 2 2 
3 3 
ug 13TU 
A. haemolyticus 4 4 
A.junii 5 5 
6 6 
A. johnsonii 7 7 











A. venetianus* nn nn 
ug： ungrouped; nt: not tested; ~ ~ 
nn: not numbered in the systems of Bouvet & Jeanjean , Tjemberg & Ursing; 
* identified as a new distinctive DNA group by DNA-DNA hybridization (Vaneechoutte et al., 1999) 
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1.2 Ecology and clinical significance of Acinetobacter 
Ecology 
Acinetobacter species are widespread in nature and have been isolated from 
human and environmental sources (Joly-Guillou and Brun-Buisson, 1996). They 
can be carried by healthy subjects (Taplin et <7/., 1963; Buxton et ai, 1978, Berlau 
et aL, 1999; Chu et aL, 1999) and patients (Hoffmann et aL, 1982), and have also 
been found in soil, sewage, water (Baumann, 1968; Henriksen, 1973) and raw 
food such as vegetables, fish and meat (Gennari et aL, 1993). 
Human carriage 
Taplin et al (1963) suggested that at least 25% of normal individuals carry 
glucidolytic species of Acinetobacter on their skin. Berlau et al. (1999) described 
an overall positivity skin carriage rate o f 44% in 191 healthy subjects in London. 
In Hong Kong, skin carriage studies showed that 32 to 66% students and patients 
sampled were positive, and different genomic species or different strains o f the 
same genomic species could be recovered from the same sites over a period of 
days (Chu et al, 1999). 
Infections 
Acinetobacter is a low-grade pathogen, but causes opportunistic infections in 
patients wi th high risk factors including immuno-suppression, ventilator-assisted 
respiration and the elderly or critically i l l (Buxton et al, 1978; Hoffman et al., 
1982). Infections caused by acinetobacters include pneumonia, central venous 
5 
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catheter related infection, skin and wound sepsis, septicaemia and urinary tract 
infection (Hoffmann et al, 1982; Sakata et al., 1989; Levi et al., 1996). 
Hospital outbreak -epidemic 
The Acinetobacter infections are usually nosocomial in origin. Nosocomial 
outbreaks have been reported mainly in Europe. Outbreaks have usually been 
associated wi th single strains, originating either from a multiresistant strain 
(Al len and Green, 1987; Koeleman et al, 1997) or from one common, 
contaminated source such as ventilation equipment (Cefai et al, 1990), pil lows 
(Weemink et al, 1995) and fingertips (Musa et al, 1990). Outbreaks can also be 
associated wi th more than one strain o f a particular species (Sakata et al., 1989). 
Nonoutbreak - endemic infection 
In Hong Kong, Acinetobacter tends to be associated with endemic infections and 
caused by heterogeneous strains. The number o f Acinetobacter bacteremic 
episodes per 1,000 hospital admissions to the Prince o f Wales Hospital f rom 1987 
to 1994 ranged from 0.3 to 0.6 (Ling et al., 1996a; Ng et al, 1996). In another 
hospital (Queen Mary's Hospital), the average annual incidence o f isolation of 
Acinetobacter species from all clinical specimens was 29.8 per 1,000 hospital 
admissions and accounted for 5.5 to 6.2% of all positive blood cultures and 
I4.80/0 o f those from intensive care units (Siau et al, 1996). Acinetobacter 
species also account for a substantial proportion of endemic nosocomial 
infections in Europe, especially in ICU (Gemer-Smidt, 1987; Di jkshoom et al., 
6 
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1993a; Joly-Guillou and Brun-Buisson, 1996), U.S. A. (Buxton et aL, 1978), and 
Australia in spinal cord injuries unit (SCIU) (Wise and Tosolin, 1990). 
Factors contributing to transmission 
(i) Resistance to desiccation 
Acinetobacter species especially A. baumannii can persist in the environment for 
several hours, even in dry conditions on particles and dust (Musa et a!., 1990; 
Wendt et aL, 1997; Jawad et aL, 1998a). This property of resisting desiccation 
may favor the spread o f acinetobacters through air and inanimate objects, and 
subsequently contribute to the continuation o f hospital outbreaks. 
( i i) Intrinsic antimicrobial resistance 
Naturally occurring plasmids have been described in Acinetobacter species, and 
genetic exchanges observed between soil and aquatic bacteria are also l ikely to 
occur wi th Acinetobacter species in natural ecosytems (Bergogne-Berezin, 1996). 
Thus, it may be postulated that various potential mechanisms of resistance in 
Acinetobacter have probably existed but that these have only become expressed 
in clinical conditions as a result o f the selective pressures exerted by antibiotic 
therapy (Bergogne-Berezin, 1996). 
( i i) Acquired antimicrobial resistance 
Members o f the genus especially the common species A. baumannii seem to have 
a remarkable ability to acquire resistance to many potent antimicrobial agents 
including most common used B-lactams and aminoglycosides. This may lead to 
7 
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difficulties in treatment (Seifert et al., 1993; Riley et al., 1996; Marques et aL, 
1997). The acquired antimicrobial resistance may also enhance the survival of 
Acinetobacter species in environments where selective pressure exerted by the 
wide use of antibiotics, e.g. in the ICU (Allen and Green, 1987; Sakata et aL, 
1989; Bergogne-Berezin and Joly-Guillou, 1991; Dijkshoom et al” 1993a; 
Villers et aL, 1998). 
The prevalence of different Acinetobacter genomic species 
Genomic species 2 {A. baumannii), 3, and 13TU of the A. calcoaceticus-A. 
baumannii complex were the genomic groups predominantly involved in human 
infections (Dijkshoom et al., 1998; Gemer-Smidt and Frederiksen, 1993; 
Horrevorts et al., 1995; Seifert et al., 1994a; Weemink et al., 1995). In reports on 
nosocomial outbreaks of Acinetobacter infections, A. baumannii was the 
prevailing species. In another study by Siefert et al (1997), genomic species 8 {A. 
Iwoffii), 7 (A. johnsonii), 12 (A. radioresistens), and genomic species 3 were 
isolated most frequently from the skin of hospitalized patients and healthy 
controls, whereas A. baumannii and 13TU were found only rarely. In our region, 
genomic species 2, 3 and 13TU were found on superficial sites of both healthy 
subjects and patients (Chu et al., 1999). Genomic species identification o f 
acinetobacters may thus further our understanding o f the ecological and clinical 
roles of Acinetobacter in human pathology. 
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1.3 General identification methods for Acinetobacter species 
Identification to genus level 
The genus Acinetobacter was defined on the basis of the fol lowing criteria: 
Gram-negative coccobacilli, oxidase-negative, non-fermenting in Huge and 
Leifson medium, non-motile in hanging drop preparation, aerobic growth, 
catalase positive, nitrate reduction mostly negative, and hydrolysis o f Tween 
mostly positive (Cowan et aL, 1993; Dijkshoom, 1996). Identification to the 
genus level can also be performed by a transformation assay (Juni, 1972). 
1.3.1 Identification to (genomic) species level 
The division of Acinetobacter isolates into genomic species (DNA groups) is 
based on D N A - D N A relatedness. The present phylogenetic definition o f species 
is based on 70% or greater D N A - D N A relatedness of strains, and phenotypic 
characteristics should allow separation o f different species. On the other hand, 
Genospecies (genomic species or D N A groups) which cannot be differentiated 
phenotypically should not be named (Wayne et aL, 1987). 
(i) DNA-DNA hybridization 
Several hybridization methods have been used for allocation of Acinetobacter 
isolates to genomic species, including a nitrocellulose filter method (Johnson et 
<3/., 1970), the SI endonuclease method (Bouvet and Grimont, 1986), the 
hydroxyapatite method (Tjemberg and Ursing, 1989) and a quantitative bacterial 
dot fi lter method (Tjemberg et aL, 1989). The dot filter method wi th a simplif ied 
two-steps elution is probably the simplest (Tjemberg et aL, 1989). Overall, these 
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methods are laborious and only available in research laboratories. Their time-
consuming steps l imit the number o f strains tested. 
(ii) Genotypic methods for genomic species (DNA group) identification 
In addition to the methods discussed above, a number of genotypic methods, 
which allow the delineation o f different genomic species or D N A groups within 
the genus Acinetobacter in accordance wi th the most recent taxonomic scheme, 
have recently been developed. These include analysis o f the polymorphism in the 
16S-23S rRNA intergenic spacer sequences as determined by amplification of the 
16S-23S rRNA regions (Nowak et al., 1995); restriction analysis o f the 16S-23S 
rRNA intergenic spacer sequences (Dolzani et al., 1995), and o f the recA gene 
(Nowak and Kur, 1995); recA-RFLP (Jawad et al., 1998b); amplified ribosomal 
D N A restriction analysis [ (ARDRA) Vaneechoutte et al., 1995a]; analysis of 
tRNA spacer length polymorphism (Wiedmann-Al-Ahmad et al, 1994; 
Ehrenstein et al., 1996); sequence analysis of 16S rDNA (Rainey et al., 1994; 
Ibrahim et al., 1996 and 1997), and o f the gyrB (Yamamoto et al., 1999); and 
high resolution genomic fingerprinting o f amplified fragment length 
polymorphism (Dijkshoom et al., 1996; Janssen and Dijkshoom, 1996; Janssen 
et al” 1997). 
Ampl i f ied ribosomal D N A restriction analysis [ARDRA (Vaneechoutte et al” 
1995a; Seifert et al., 1997; Jawad et al, 1998b; Di jkshoom et al” 1998)] has 
been validated against 202 D N A - D N A hybridized Acinetobacter reference strains 
comprising 19-21 D N A groups, and a classification scheme (see Appendix 2) 
based on their ARDRA profiles correlated wi th most D N A groups, including 
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those of the Acb complex.. The profiles obtained were highly reproducible in 
different laboratories. Since ARDRA method could provide acceptable genomic 
species identification according to recent taxonomy and are relatively easy to 
perform, acinetobacters were firstly identified to genomic species by this method 
in this project. For tRNA spacer length polymorphism (tDNA fingerprinting ) and 
selective restriction fragment analysis by amplified fragment length 
polymorphism (AFLP"™)，they have also been validated against a certain number 
of reference strains (128 and 151 respectively) and reported to be reliable and 
reproducible in identification of Acinetobacter species (Wiedmaim-Al-Ahmad et 
a/” 1994; Ehrenstein et al., 1996; Di jkshoom et al； 1996; Janssen and 
Dijkshoom, 1996; Janssen et al” 1997). Therefore, these two methods were 
chosen for ftirther characterization of the ARDRA unclassifiable acinetobacters. 
These genotypic identification methods of Acinetobacter may contribute to a 
better understanding of the clinical importance, epidemiology, and the presence 
of different genomic species in different clinical and environmental settings from 
different geographical regions (Vaneechoutte et al., 1995a). The geographical 
spread and pathogenicity of particular Acinetobacter strains can be assessed in 
future. 
1.3.2 Identification to strain level (typing) 
To differentiate Acinetobacter strains for epidemiological purposes, there are 
phenotypic and genotypic typing methods. 
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(i) Phenotypic methods 
Phenotypic methods include biotyping (Bouvet and Grimont, 1987; Joly-Guillou 
et al, 1990)，antibiogram typing (Weemink et al., 1995; Aubert et al., 1995), 
phage typing (Bouvet et al, 1990; Joly-Guillou et al, 1990), serotyping 
(Henriksen, 1973), bacteriocin typing (Andrews, 1986), ribotyping (Gemer-
Smidt, 1992; Aubert et al, 1995)，multilocus enzyme electrophoresis [MEE 
(Seifert et aL, 1994a)]，and cell envelope protein profi l ing [CEPPs (Bouvet et al, 
1990, Dijkshoom et al., 1990a)]. However, not all strains are typeable by each 
method (Bouvet et al, 1990). For example, phage typing schemes may not 
include phages for all existing strains (Joly-Guillou et al, 1990). 
(ii) Genotypic methods 
Genotypic methods include plasmid profil ing (Seifert et al, 1994b; Garcia et al, 
1996; Nemec et al, 1999), plasmid restriction endonuclease analysis [REA (Ling 
et al, 1996a), pulsed-field gel electrophoresis [PFGE (Gouby et al” 1992; 
Seifert and Gemer-Smidt, 1995)], AFLP (Janssen et al., 1996), and PCR-based 
fingerprinting methods (Vila et al., 1996; Presterl et al., 1997). 
PFGE is the most widely accepted and used method for strain typing because of 
its relatively high discrimination, reproducibility (Maslow et aL, 1993; Seifert 
and Gemer-Smidt, 1995), and the available guidelines (Tenover et al., 1995) for 
result interpretations. 
On the other hand, the PCR-based fingerprinting methods have slightly different 
approaches, but similar underlying principles. The fingerprint profiles are 
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generated by PGR with a primer(s) targeting either a sequence mot i f (random) or 
known conserved regions (specific) occurring in multiple copies in the genome. 
Example for random priming is Arbitrary Primed PGR [AP-PCR (Vaneechoutte 
et aL, 1995b)], and for specific priming is Enterobacterial Repetitive Intergenic 
Consensus (ERIC) (Strulelens et al., 1993). In these PCR-based methods, 
amplification is usually performed at a relatively low annealing temperature 
allowing mismatches and a degree o f nonspecific binding o f the primer to the 
template to occur. The reproducibility of these PCR-based typing methods is 
only acceptable i f conditions are highly standardized, for example, i f the analysis 
is carried out wi th one thermocycler wi th the same batch o f reagents. This can 
usually be achieved when small batches o f isolates are tested in a single 
laboratory. 
Due to intrastrain variations, combinations of typing methods, including at least 
one genotypic method, have been recommended before assigning apparently 
indistinguishable isolates as the same strain (Dijkshoom et al., 1996). 
For this project, only epidemiologically apparently unrelated A U A were chosen. 
A n established genotypic typing method ERIC was used to assess their 
relatedness when appropriate. 
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1.4 Methods used in this study for characterization of 
Acinetobacter species 
1.4.1 Amplified ribosomal DNA restriction analysis (ARDRA) 
Ampl i f ied Ribosomal D N A Restriction Analysis, also known as A R D R A , has 
been shown to be reliable for the differentiation o f Streptococcus (Jayarao et al, 
1991 and 1992), Enterococcus (Jayarao et al, 1992)，Comamonadaceae [Q 
subclass o f the Proteobacteria (Vaneechoutte et a/.，1992)], Mycobacterium 
species (Vaneechoutte et al., 1993) and other closely related pathogenic bacteria 
(Ibrahim et al., 1996). Furthermore, it gives an acceptable genomic differentiation 
o f Acinetobacter species and has been used for this purpose in several studies 
(Vaneechoutte et al 1995a; Siefert et al, 1997; Jawad et al., 1998b; Bernards et 
al, 1997; Di jkshoom et al., 1998). 
A R D R A is based on the fact that species-specific information enclosed in the 
ribosomal R N A gene ( rDNA) can be accessed by restriction analysis o f the 
ampli f ied gene, thus distinguishing different species belonging to the same genus 
(Jayarao et al, 1992; Vaneechoutte et al, 1992 and 1995a). 
A R D R A is a relatively simple genotypic method. For Acinetobacter identif ication, 
it involves enzymatic amplif ication o f the 16S ribosomal R N A gene ( r D N A ) by 
using two 16S rRNA primers on the D N A template, and then digestions o f the 
amplicons by f ive different enzymes (C /o l , Alul, Mbol, Rsal and Mspl) i n turn. 
A n A R D R A profi le is obtained as a combination o f restriction patterns f rom these 
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respective enzymes Cfo\, AM, Mbo\, Rsa\ and Msp\ (Appendix 1). By 
matching with the existing ARDRA profile database (Appendix 2), an unknown 
isolate can be identified. 
1.4.2 tDNA spacer fingerprinting 
Transfer RNA ( tDNA) gene spacer fingerprinting is one o f the specific priming 
PCR-based methods (see 1.3). 
Mult iple tRNA genes occur dispersed throughout the genome in bacteria. These 
copies of tDNA genes have conserved sequence motifs. Therefore, the primers 
containing the consensus tRNA sequences can be used for amplification of the 
spacer regions between these closely linked tRNA gene clusters (Welsh and 
McClelland, 1991). The organization of the tRNA genes and their spacer regions 
between these tRNA gene clusters are expected to change relatively slowly over 
evolutionary time scales, and thus the tDNA fingerprints are thought to be 
relatively stable. The variations in fingerprints at the species or genus level may 
thus be a measure for genetic relatedness at this level of classification. The two 
tRNA-gene specific primers (T3A and T5B) employed in this work had been 
used successfully for the identification o f species of the genus Acinetobacter 
(Wiedmann-Al-Ahmad et al., 1994; Ehrenstein et al., 1996). 
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1.4.3 Fluorescent amplified fragment length polymorphism (FAFLP) 
Ampl i f ied Fragment Length Polymorphism (AFLP) analysis, a novel PCR-
mediated D N A fingerprinting method, was first described in 1993 (Vos et aL, 
1995; Janssen et aL, 1996; Blears et aL, 1998). It can be used for the 
characterization and comparison o f any D N A , irrespective o f its origin or 
complexity. AFLP genotyping has been applied to a number o f different bacterial 
species wi th success (Vos et aL, 1995; Janssen et al, 1996; Blears et aL, 1998; 
Savelkoul et al.，1999). Examples include strain differentiation o f Legionella 
pneumophila. (Valsangiacomo et al, 1995), Staphylococcus aureus (Grady et al, 
1999)，Staphylococcus epidermidis (Sloos et al., 1998), Streptococcus pyogenes 
(Desai et ah, 1998), Helicobacter pylori (Gibson et aL, 1998)，E. coli (L in et al, 
1996) and genotypic classification o f Aeromonas (Huys et al., 1996), Bacillus 
anthracis (Keim et al,, 1997). AFLP analysis was shown to classify (Janssen et 
fl/.，1996 and 1997; Koeleman et aL, 1998) and type (Di jkshoom et al., 1996; 
Janssen and Dijkshoom, 1996; Koeleman et al., 1997) Acinetobacter species wi th 
excellent discriminatory power and reliability. More recently, Desai et al (1998) 
revealed that AFLP assay wi th fluorescent label for detection, which improved 
both safety and simplicity o f the procedure, could provide high-resolution 
molecular epidemiological analysis for Streptococcus pyrogenes. Arno ld et al. 
(1999) also demonstrated that FAFLP is suitable for epidemiological 
investigation o f E. coli infection. 
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In theory, AFLP analysis examines D N A segments distributed over the entire 
genome o f an organism, offering an advantage over methods that examine 
restriction site changes in single genes like PCR-RFLP techniques. It is believed 
that examination o f the entire genome would make the reproducibility o f AFLP 
higher (Vos et al, 1995; Janssen et al., 1996; Blears et al., 1998; Savelkoul et al., 
1999) than that o f the PCR-based fingerprinting methods which target only either 
a sequence mot i f or known conserved regions. 
The original AFLP protocol utilizes radiolabel for the detection o f fragments after 
PCR amplification (Vos et al, 1995; Janssen et al., 1996). Since the use o f 
radioactive compounds is laborious, expensive and needs special laboratory 
equipment for protection, some researchers have investigated AFLP 
fingerprinting wi th fluorescently labeled primers and automated fragment 
detection apparatus. Koeleman et al (1998) reported cluster analysis results o f 
both radioactively and fluorescently labeled AFLP profiles showed comparable 
clustering o f different Acinetobacter strains w i th minimal differences in 
correlation levels, regardless o f differences in PCR volume, thermocycler, and 
detection techniques. Their work suggests that the use o f fluorescent fragment 
detection can be an excellent alternative to radioactive AFLP although the range 
o f fragment sizes detected by these methods may differ. 
The underlying principle o f fluorescent AFLP (FAFLP) assay is depicted in 
Figure 1.1. First，the bacterial genomic D N A is digested by two restriction 
enzymes, one w i th an average cutting frequency (l ike Hindm) and a second one 
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with a higher cutting frequency (like Taql). This would create fragment sizes 
suitable for resolution on denaturing poly aery lamide gels (Janssen et al., 1996; 
Blears et al., 1998，Savelkoul et al, 1999). Then, restriction-halfsite-specific 
adaptors (depicted by boxes • and circles 〇）are ligated to the cohesive ends 
generating templates for the next step — selective PCR amplification. The 
sequences of adaptors and restriction sites now serve as binding sites for the PCR 
primers which contain selective bases at their 3’-end (primer sequences consist o f 
the complementary sequence o f the corresponding adaptors and the restriction 
site sequence). Under stringent PCR conditions, only perfectly matched primers 
w i l l be amplified. Because only the //m^/III-primer is fluorescently labeled, only 
the fragments cut wi th Hindlll can be detected by laser beam (Janssen et al., 
1996). 
A correct choice of restriction enzymes is crucial to AFLP or FAFLP analysis, as 
this w i l l determine the size and the number o f detectable fragments. Janssen et al. 
(1996) suggested that for bacteria wi th a G+C ratio o f 40-50 molar percentages 
such as Acinetobacter, HindlU combined wi th Taql should give an adequate 
number o f suitably sized restriction fragments. 
In this work, fluorescent AFLP (FAFLP) was used to investigate the genetic 
heterogeneity o f the representative A U A . The choice o f restriction enzymes and 
primer sequences were based on the preliminary results obtained by Dik jshoom 
et al.’ Leiden University Medical Center, the Netherlands. Fol lowing their 
protocol, two endonucleases, namely Taql and Hindlll, were used to digest the 
genomic D N A extract o f Acinetobacter isolates while fluorescent labeled 
amplif ication products were separated on the ALFexpress. 
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Fluorescent AFLP 
Genomic DNA extract / f t ^ 
^ (1) Restriction digestion by 
+ {Hindm & Taql) 
H H T T T H 
I 
(2) Ligation of adaptors 
to fragments 
• • 〇 o 
〇 • 
• HindlU adaptor 
〇 Taql adaptor 
i 
(3) Selective PGR 
NNNNCAGCTTa_^ 
3' -NNNNGTCGAAT // AAGCCNNNN-5' 
5，- NNNNCAGCTTA // TTTCGGNNNN-3' 
aaAGCCNNNN 
NNNNCAGCTTa 
NNNNGTCGAACNNN / N o amplification 
Y 
Polyacrylamide gel electrophoresis 
I 
Fluorescent detection and profile analysis 
(ALFexpress) 
Fig. 1.1 The schematic representation o f the Fluorescent AFLP analysis 
principle (Janssen et al,, 1996). 
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1.4.4 Phenotypic methods 
The genus Acinetobacter appears to be genotypically heterogeneous, and by 
D N A - D N A hybridization 19 to 21 D N A groups have been described recently, 
only eight of which are named (Bouvet et aL, 1986; Nishimura et al., 1988; Cello 
et al, 1997; Vaneechoutte et al, 1999). Phenotypic identification at genomic 
level has always been problematic. Several numerical phenotypic studies have 
been published. For instances, the numerical taxonomy study o f Baumaim (1968) 
based primarily on nutritional properties divided the genus into two large groups 
(A and B) comprising seven subgroups ( A l to A3 and B1 to B4). In 1976, Pagel 
and Seyfried used 89 characteristics to divide 270 aquatic Acinetobacter isolates 
into two major phena (Pagel and Seyfried, 1976). However, no characteristics 
could be used for the unambiguous identification of the observed phena. 
Other investigators continued to explore a system that allowed practical 
identification o f Acinetobacter species unambiguously. Bouvet and Grimont 
(1986) developed an identification scheme o f 28 nutritional and other 
physiological tests based on the results o f 85 strains (of which 74 strains 
belonging to 12 genomic species by D N A - D N A hybridization were characterized. 
This identification scheme was applied to 181 additional Acinetobacter strains, 
all o f which were characterized by D N A - D N A hybridization by Johnson et al 
(1970). A year later, Bouvet and Grimont (1987) set up an abbreviated scheme 
o f 18 tests only on 343 strains including clinical and D N A - D N A hybridized 
Acinetobacter isolates. Subsequently, Gemer-Smidt et al. (1991) and Kampfer et 
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al. (1993) investigated the simplified identification scheme of Bouvet and 
Grimont (1987) with minor modifications, using other sets of DNA-DNA 
hybridized Acinetobacter strains. The results of all the above studies are 
summarized in the fol lowing Table 1.2. 
Table 1.2 Percentages of strains identified to genomic species by phenotypic tests obtained in 
different studies. 
No. of No. of % DNA groups involved 
Study strains tests Identified Probability 
No. Indistinguishable Excluded 
Bouvet & G r i m o n t ^ 28 ^ Not stated 12 1,2 & 3 
(1986)1 
Bouvet & Grimont 343a igS 95.6 Not stated 11 13TU 
(1987)2 
Gemer-Smidt et al. 190b 】jS yg.O >0 95 14 
(1991)3 - • 
Kampfer et al. 211 22 98.0 >0.9 13 1，2 & 3. 
(1993)4 211 10 90.8 > o.9 8 & 5 
S "“ — — — 
Simplified identification scheme comprising 18 tests based on Bouvet & Grimont (1987). 
a Most isolates not classified by DNA-DNA hybridization 
119 were DNA-DNA hybridized strains by Tjemberg and Ursing (1989) 
The simplified phenotypic identification scheme of Bouvet and Grimont (1986) 
was used in this study because it gave comparable results wi th the least number 
o f tests (Table 1.2). However, genomic species 13TU and recently recognized 
groups (13 to 15) were excluded, and most strains studied had not yet been 
identified by D N A - D N A hybridization, therefore, the percentages given in Table 
1.2 could be over estimated. The strains used by Gemer-Smidt et al. (1991) 
belonged to 14 D N A groups including the recently recognized groups. 
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The phenotypic identification matrix (Table 1.3) used to identify the A U A is 
based on the combined data obtained by Gemer-Smidt et al. (1991), and Bouvet 
and Grimont (1987). 
Apart from the conventional phenotypic identification schemes, some researchers 
also investigated the ability of some current commercial systems to identify 
genomic species according to the recent taxonomy. The discriminative power of 
the tests in the API galleries such as API 20 NE system is insufficient for correct 
identification of all Acinetobacter genomic species because only 87% of 
Acinetobacter strains of known hybridized genomic species were identified 
correctly (Bernards et al., 1996), and D N A group 3 isolates incorrectly identified 
as D N A group 2 {A. baumannii) by API 20 NE system (Horrevorts et al, 1995). 
Biolog's potential for classification has also been tested (Bernards et al. 1995). 
Only 45% o f strains were identified to the correct genomic species, suggesting 
that the Biolog system may be helpful in grouping strains as part o f taxonomic 
investigations only (Bernards et al, 1995). The Biolog system involves Biolog 
plates with 95 carbon sources each (Holmes et al., 1994) and a specialized plate 
reader (Biolog Microstation plate reader), which are much more expensive 
compared wi th the conventional simplif ied 18-tests scheme. 
Antibiogram 
I t had already been observed that considerable differences in antimicrobial drug 
susceptibility against strains belonging to different species: i.e. A. Iwoffii was 
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more susceptible than A. glueidolytic; A. baumannii were generally more resistant 
than other species (Joly-Guillou et al.’ 1990; Seifert et al., 1993; Bergogne-
Berezin, 1996). Therefore, Min imum Inhibitory Concentrations (MICs) to 11 
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1.5 Objectives 
So far, the most reliable method for identification of genomic species (DNA 
groups) of acinetobacters is D N A - D N A hybridization, which is the gold standard 
but is laborious, technically demanding and expensive and only suitable for 
special research laboratories. ARDRA has been shown to be a reliable and useful 
method for genomic species identification. However, the existing ARDRA profile 
database, which is mainly based on European clinical and some environmental 
isolates, may not include profiles for isolates from other regions such as Asia. In 
our case, about 15% of our clinical and 50% of our natural environmental isolates 
have profiles unmatched wi th the existing database (see 3.1.2 and Table 3.5). In 
order to have a better understanding o f the ecological and clinical roles o f the 
Acinetobacter genomic species in human pathology, identification of all 
acinetobacters according to the recent taxonomy is imperative, and this forms the 
basis o f my MPhi l project. 
The aim of this study is: 
To investigate the genetic heterogeneity of the unclassifiable acinetobacters by 
genotypic and phenotypic methods. 
Objectives: 
( i) To enlarge the present collection o f unclassifiable acinetobacters by 
including isolates from different ecological sources in Hong Kong 
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(a) To isolate acinetobacters from hospital environments, fish and 
meat samples obtained locally 
(b) To identify genomic species of these isolates by ARDRA and 
obtain the unclassifiable acinetobacters (ADA) 
(i i) To investigate the genetic heterogeneity o f the major representative 
ARDRA unclassifiable acinetobacters (AUA) by phenotypic methods and 
two genotypic methods, namely tDNA fingerprinting and FAFLP 
methods 
( i i i ) To compare the characteristics of the major A U A groups by the two 
genotypic and phenotypic methods with those o f reference strains of the 
described genomic species 
It is hoped that in this study, some of our unclassifiable acinetobacters w i l l 
possess sufficient similarities to known genomic species so that their novel 
ARDRA profiles may be used to expand the existing database. Also, some A U A 
groups may represent new genomic species. 
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2.1 Bacterial strains and isolates 
Acinetobacter isolates from other studies 
One hundred and thirty eight blood culture isolates of Acinetobacter (1997-
9.1998), and 141 from other clinical samples (1997—1998) were obtained from 
the clinical laboratory, the Prince o f Wales Hospital (PWH, Hong Kong, People's 
Republic of China). Four hundred and thirty one came from skin carriage studies 
(Chu et al, 1999) in 1997, 44 from a study on vegetables in 1997 and 20 from 
soil samples in the summer o f 1998 [Houang et al； 2000 (submitted)]. The work 
on skin carriage and environmental samples was carried out by other members o f 
Department of Microbiology [Chu et al., 1999; Houang et al. (submitted)]. A l l 
the isolates were identified to genomic species by A R D R A by Chu, Houang and 
co-workers, and the results are listed in Table 2.1 Altogether 139 ARDRA 
unclassifiable acinetobacters or A U A were obtained from the 774 acinetobacters 
in these other studies. 
Acinetobacter isolates from this study 
Additional Acinetobacter isolates were collected from hospital and natural 
environments in this project, including 77 isolates from ICU and 4 surgical wards 
in Prince of Wales Hospital, and 54 randomly chosen isolates from fish and meat. 
A l l acinetobacters were identified by standard routine laboratory methods and 
met the criteria currently used for the identification o f Acinetobacter species 
(Cowan et al,, 1993)，that is, they were gram negative diplococci or short rods， 
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aerobic, oxidase negative and nonmotile. They were then stored on nutrient agar 
(NA) slants at room temperature or in glycerol broth at -70。C. The acinetobacters 
were recovered from storage by culture on either Modif ied Leeds Acinetobacter 
Medium ( M L A M ) (Jawad, et al., 1994; Chu et al, 1999) or MacConkey agar, or 
inoculation into Brain Heart Infusion (BHI) broth. Genus identification was also 
confirmed by the transformation assay (Juni, 1972). 
Table 2.1 Sources o f the acinetobacters from other studies 
Sources (Period) “ No. performed 
with A R D R A unclassifiable 
Existing collection 
Blood culture (1997-9.1998, PWH) 138 21 
Other clinical specimens (1997-1998, P.W.H.) 
141 28 
Skin carriage studies (1997) 431 63 
Raw food - vegetables (1997) 44 20 
Soil (Summer 98) 20 7 
Total collected 774 ^39 
PWH, the Prince of Wales Hospital, Hong Kong, People's Republic of China 
Reference strains 
Two sets of Acinetobacter reference strains, previously identified to D N A groups 
by D N A - D N A hybridization, were used in this project. The first set o f 35 
- Acinetobacter reference strains was gifts from Dr. T. L Pitt, Laboratory o f 
Hospital Infection, Central Public Health Laboratories, PHLS, Colindale, London, 
United Kingdom, wi th the permission o f Dr. L. Dijkshoom, Leiden Hospital, 
Leiden, the Netherlands, and was used in ARDRA, t D N A fingerprinting and 
phenotypic methods and is listed in Table 2.2a. 
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Table 2.2a List of the first set of reference strains* 
DNA group Strain" “ ‘ 
1 (A. calcoaceticus) RUH 584, RUH 2203 
2 (A. baumannii) RUH 872, RUH 2207, NCTC 12156 T 
3 RUH 502, RUH 2204 
4 {A. haemolyticus) RUH 55’ RUH 2213 
5 {A. junii) RUH 204，RUH 2228T 
6 RUH 2867 
7 {A. johnsonii) RUH 2232, RUH 2855 
8/9 {A. Iwoffii) RUH 551’ RUH 2219T 
10 RUH 2222, RUH 2223 
11 RUH 2860 
12 {A. radioresistens) RUH 2225, RUH 2865T 
13BJ/14TU LUH 1718, RUH 2216 
13TU RUH 2041, RUH 2210 
14BJ LUH 1726，LUH 1727 
15BJ LUH 1729, LUH 1730 
15TU LUH 1090，LUH 1091 
16 LUH 1731，LUH 1732 
LUH 1735，LUH 1736 
* Original source details: please refer to Appendix 2; T, type strain 
b Designations of collection L. Dijkshoom, RUH，Rotterdam University Hospital; LUH, Leiden University Hospital 
The second set o f 34 Acinetobacter reference strains (Table 2.2b) was 
generously supplied by Dr. L. Dijkshoom, Leiden Hospital, and the Netherlands, 
and chosen for Fluorescent AFLP study based on their centering positions in their 
own D N A group clustering in a radioactive AFLP study (Janssen et al, 1997). 
The control strains used for minimum inhibitory concentrations (MICs) were 
ACTC 25922 Escherichia coli and ACTC 27853 Pseudomonas aeruginosa. 
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T a b l e 2 . 2 b L i s t o f the second set o f reference strains* 
DNA group Strain" ‘ ~ 
(A. calcoaceticus) RUH 944 ‘ “ 
2 (A. baumannii) RUH 134，RUH 875 
3 RUH 1163, RUH 2204, RUH 2206 
4 (A. haemolyticus) RUH 44 
5 [A. junii) RUH 2228T 
6 RUH 2867 
7 (Ajohnsonii) RUH 2231, RUH 2855 
8 {A. Iwoffii) RUH 1710 
8/9 RUH 2219T 
10 RUH 2222, RUH 2224 
11 RUH 1050, RUH 2861 
12 {A. radioresistem) RUH 2227, RUH 2862 
13BJ/14TU RUH 2217, RUH 2218 
13TU RUH 2210, RUH 2212 
14BJ LUH 1088, LUH 1726 
15BJ LUH 1729, LUH 1730 
I5TU LUH 1090，LUH 1091 
16 LUH 1731, LUH 1733 
1 7 LUH 1735, LUH 1736 
* Original source details: please refer to Appendix 2; T, type strain 
b Designations of collection L. Dijkshoom, RUH, Rotterdam University Hospital; LUH, Leiden University Hospital 
2.2 Materials 
2.2.1 Antimicrobial agents and chemicals 
A n t i m i c r o b i a l agents and chemica ls used i n th is study were bough t f r o m 
c o m m e r c i a l suppl iers or g i f t s from the manufacturers . 
T a b l e 2 . 3 L i s t o f an t im i c rob ia l agents used 
A n t i b i o t i c name Source 
Amikacin Sigma, ST, MO, U.S.A. 




Ciprofloxacin Bayer, Elberfeld, U.S.A. 
Gentamicin Sigma 
Imipenem Merck Sharp and Dohme, Hoddesdon, U.K. 
Levofloxacin Sigma 
Netilmicin Schering-Plough Corporation, Kenilworth, New Jersey, U.S.A. 
Sulfamethoxazole Sigma 
Sulbactam Pfizer, Sandwich, U.K. 
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Table 2.4 List of chemicals used in this study 
Chemical name ~ Source “ 
Absolute alcohol “ Merck, Frankftither Strasse, Germany 
Acetic acid Merck 
Adenine 5,-Triphosphate (ATP) Amersham Pharmacia Biotech, Upsala, Sweden 
Ammonium chloride (NH4CI) Merck 
Ammonium persulphate Sigma, ST, MO, U.S.A. 
Ammonium ferric citrate BDH Chemicals Ltd, Poole, U.K. 
Ammonium acetate Sigma 
Boric acid Sigma 
Bovine serum albumin (BSA) Amersham Pharmacia Biotech 
Bromophenolblue BDH 
Bromothymol blue BDH 
Calcium chloride Merck 
Choroform Merck 
Dithiothreitol (DTT) Amersham Pharmacia Biotech 
Ethylenediaminetetraacetic disodium salt Amersham Pharmacia Biotech 
(EDTA) 
Ethidium bromide Sigma 
Ferric ammonium citrate Merck 
Glycerol Merck 
Guanidium thiocyanate Sigma 
Hydrochloric acid Sigma 
Isoamylalcohol Merck 
Isopropanol (2-propanoI) Merck 
Lactic acid Merck 
Dipotassium phosphate Merck 
Potassium dihydrogen phosphate BDH 
Potassium nitrate Merck 
Magnesium sulphate BDH 
Phenol red Merck 
Potassium nitrate BDH 
Sarkosyl (N-Lauroyl-Sarcosine) Sigma 
Sodium chloride BDH 
Sodium dodecyl sulphate (SDS) Sigma 
Sodium dihydrogen phosphate BDH 
Disodium hydrogen phosphate BDH 
Trisodium citrate BDH 
Tris-base Sigma 
TEMED Amersham Pharmacia Biotech 
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2.2.2 Carbohydrates, enzymes and other materials 
Table 2.5 Carbohydrates, enzymes and other materials used in this study 
Category Name Source " 







D-Marmitol BDH Chemicals Ltd., Poole, U.K. 
D(-)Fructose BDH 








Enzymes A lu l Boehringer Mannheim, Mannheim, 
Germany 
B M New England, Biolabs, Beverly, U.S.A. 
Q o l Boehringer Mannheim 
Mb(A Boehringer Mannheim 
Msp\ Boehringer Mannheim 
办al Boehringer Mannheim 
BsmA 1 New England Biolabs 
Ribonuclease I "A" Bovine Amersham Pharmacia Biotech，Uppsala, 
pancreas Sweden ‘ 
T4 DNA ligase Amersham Pharmacia Biotech 
Taq DNA polymerase Amersham Pharmacia Biotech 
Hindl l l Amersham Pharmacia Biotech 
TaqI Amersham Pharmacia Biotech 
Markers 50 base pair ladder Amersham Pharmacia Biotech 
100 base pair ladder Amersham Pharmacia Biotech 
50 bp Cy5-labelled DNA Amersham Pharmacia Biotech 
ladder 
ALFexpressTM Sizer® 50- Amersham Pharmacia Biotech 
500 
入 DNA Amersham Pharmacial Biotech 
Gels Seakem®LE agarose FMC BioProducts, Rockland Maine 
U.S.A. ‘ 
EZ Squeeze Gene-PAGE- Amresco, Ohio, U.S.A. 
PLUSTM 
Rapid GeFM- XL 6% DNA Amersham Pharmacia Biotech 
sequencing gel solution 
Other reagents Loading dye (ALFexpress) Amersham Pharmacia Biotech 
One-Phor-All Buffer PLUS Amersham Pharmacia Biotech 
PCR reaction buffer Amersham Pharmacia Biotech 
Commerc ia l API 20 NE BioMerieux, Lyon, France 
Kits 
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2.2.3 Commercial media and media prepared manually 
Table 2.6 List o f commercial media used in this study 
Commercial media name Source 
Acid casein hydrolysate Oxoid, Basingstoke, Hampshire, U.K. 
Bacteriological agar No. 1 Oxoid 
Brain heart infusion (BHI) broth Oxoid 
Gelatin Oxoid 
Iso-sensitest (1ST) agar Oxoid 
Lab-Lemco powder Oxoid 
MacConkey agar Oxoid 
MUller-Hinton (MH) Oxoid 
Neutralized soya peptone Oxoid 
Nutrient agar (NA) Oxoid 
Peptone Oxoid 
Tryptocasein soy broth (TSB) Oxoid 
Yeast extract Oxoid 
Blood agar base Oxoid 
Media prepared manually 
A l l the media were sterilized by autoclaving at 121。C and 15 psi unless otherwise 
stated. 
Mp j i l ^M i i eeds—A^e tobac te i lV^ep j ^ [ M L A M (Jawad et al, 1994; Chu et al 
1999)] , , •， 
Bacteriological agar no. 1 15 g 
Ac id casein hydrolysate 15 g 
Neutralized soya peptone 5 g 
Sodium chloride 5 g 
D-fructose 5 g 
Sucrose 5 g 
D-mannitol 5 g 
L-phenylalanine 1 g 
Ferric ammonium citrate o.4 g 
Phenol red 0:02 g 
D W I L 
The final pH was adjusted to 7.0 and vancomycin added to give a concentration 
o f 3 mg/L The concentration o f vancomycin was reduced f rom the original 10 
mg/L [ L A M (Jawad et al, 1994)] to 3 mg/L ( M L A M ) to al low growth o f all 35 
reference strains (set 1，see Table 2.2a) based on the previous study (Chu et al, 
1999). ， 
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I•任n 80 medium nutfiejit 色gar (Cowan et al, 1993) 
Peptone — l O g 
NaCl 5 g 
CaCl^^HjO 0.1 g 
Agar 20 g 
D W 1000 mL 
The final pH was adjusted to 7.4, and sterile Tween 80 was added aseptically at a 
final concentration o f l%(w/v) . 
Carbon source u t i l i z a ^ n tests (Cruze et al, 1979) 
Basal minimal medium 
硕5； 10 g 
腿 风 5 g 
(NH4)2S04 2 g 
M g S O J H ^ O 0.2 g 
CaCl2.2H20 0.001 g 
FeS04.7H20 0.001 g 
The medium was adjusted to one liter w i th D W and the final pH was 7.0. 
Indicator agar plates (Juni, 1972) 
One volume o f l iquid indicator medium was mixed wi th an equal volume o f 
freshly melted (90-100°C) sterile 3% (w/v) bacteriological no. l agar. 
Indicator medium 
Lactic acid 4 g 
Casein hydrolysate (acid hydrolyzed) 16 g 
Yeast extract q 5 g 
KH2PO4 1 :5】 
Na^HPO^ . 7 K f i 25.5 g) 13 5 g 
MgS04 (or MgS04 • VH^O 0.2 g) 0 1 g 
_ 2:0 g 
CaCl2 solution (1%) j q m L 
FeSCV 7H2O fresh solution (0.1%) 0:5 m L 
The medium was made up to one liter w i th DW. 
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n’s mediumJ(0/F) Cowan et al, 1993] 
Peptone 7 „ 
NaCl 5 g 
K2HPO4 0.3 g 
Bacteriological No. 1 agar 3 g 
D W 1000 mL 
Bromothymol blue, 0.2% (w/v) aqueous solution 15 mL 
The medium was adjusted to pH 7.1, and sterilized at 115°C for 20 min, then a 
sterile solution o f glucose was added aseptically at a final concentration of 1% 
(w/v). 
Glycerol ^ o t h 
Peptone 2 g 
Lab-Lemco powder 2 g 
Glycerin 20 mL 
D W 180 mL 
2.2.4 Buffers, solutions and list of instruments 
A l l the buffers and solutions were prepared wi th double distilled water (DDW) 
and stored at room temperature after autoclaving at 121°C and 15 psi for 15 min 
unless otherwise stated. 
Lysis solution 
Trisodium citrate-2H20 0.44 g 
Sodium chloride 0.88 g 
Sodium dodecyl sulfate 0 05 e 
D W lOOmL 
0.5 M EDTA 
O . S M N a ^ T A J H ^ O and 10 M NaOH (pH 8.0) 
Buffered salt solution 
I ^ m M EDTA (pH 8.0) 
1 M Tris/HCl 
1 M Tris and concentrate HCl (pH7.6) 
I Q x T E 
100 m M Tris / 10 m M EDTA (pH 7.6) 
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10 X TBE 
0 . 8 9 M t r i s / 0.89 M boric acid / 20 m M EDTA, pH 8.0 
TAESOX 
2 M T r i s 7Acetate/50 m M EDTA 
242 g Tris and 18.6 g EDTA were dissolved in 800 mL DDW. Then 57.1mL 
acetic acid was added and brought a final volume of 1 L wi th DDW. 
Sample buffer (x5) 
25% (v/v) glycerol，0.5 % SDS, 50mM EDTA, 0.05% (w/v) bromophenol blue 
Ammonium acetate (NH^Ac) 
7.5 M ammonium acetate 
G E S (Guanidium EDTA sarkosyl) 
20 m L 0.5 M EDTA D W were mixed. Then 60 g o f guanidium 
thiocyanate were added to the mixture and heated to 65°C. After cooling to room 
temperature, 1 g sarkosyl (N-lauroyl-sarcosine) was added until dissolved. Then 
the mixture was brought to a final volume o f 100 m L wi th DW. 
RNAse stock 
Ribonuclease I “ A ” Bovine pancreas was prepared as a 10 mg/mL stock solution 
wi th D D W and boiled for 15 min, then aliquoted and kept at -20。C. 
Chloroform: isoamylalcohol 
Chloroform and isoamylalcohol were mixed in a ratio o f 24:1 (v/v) and stored 
at -20。C. 
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Table 2.7 List o f instruments and software package used in this study 
Name Manufacturer 
Instruments " “ ‘ 
Automatic Multiple inoculator 
MIC-2000 Dynatech, Denley，U. K. 
Speedvac Savant Instruments Inc., Farmingdale, N Y 
U.S.A. ’ 
GNA-100 and 200 gel apparatus Amersham Pharmacia Biotech, Uppsala, Sweden 
Bio-Rad 500-200V power supply BioRad, California, U.S.A. 
Gel documentation system Amersham Pharmacia Biotech, Sweden 
(ImageMaster VDS) 
Thermal controller Perkin Elmer, Boston, U.S.A. 
(Gene Amp PCR system 9600) 
Automated laser DNA sequencer Amersham Pharmacia Biotech, Uppsala, Sweden 
(ALFexpress) 
Biofoge 22R Heraeus Sepatech, Osterode, West Germany 
Centrifuge MSE MicroCentaur Sanyo, U. K. 
Software 
BioNumerics version 1.50 Applied Maths, Kortrijk, Belgium 
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2.3 General bacteriological techniques 
2.3.1 Isolation of acinetobacters 
( i) From hospital enviromnems W settle plates 
Hospital environments were represented by the 22-bedded intensive care unit 
( ICU) and the 4 surgical wards (3C, 3D, 4C and 4D) in the Prince o f Wales 
Hospital. The bacterial content of the air was investigated using settle plates of 
Modif ied Leeds Acinetobacter Agar ( M L A M , see 2.2.3), and to which 
amphotericin was also added at a final concentration o f 1 mg/L for preventing the 
growth o f saprophytic fungi in this study. For the 4 surgical wards, 40 settle 
plates were exposed to the air at different locations for 8 h continuously at 2-
weekly interval, and for ICU, 10 settle plates ( M L A M ) were exposed for 6 h 
continuously at weekly interval. The duration o f exposure was determined by 
previous experiments, so as to achieve discrete colonies with minimal ftmgal 
contamination. Repeat sampling was carried out from the same locations in the 
wards, at the same hour and on the same day o f the week. The plates were 
incubated for 48 h at 30。C and typical colonies were identified by routine 
bacteriological tests including oxidase, moti l i ty, catalase, nitrate and Huge and 
Leifson's medium. The genus Acinetobacter was confirmed by the 
transformation test (Juni, 1972). 
( i i ) From food by viable count plating wi th selective medium 
Nineteen samples of freshwater fish, 17 samples o f pork and 6 samples o f beef 
were bought from 12 stalls in 8 markets o f Hong Kong in October and November 
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1998. Another 19 samples of fish, 17 samples of pork and 6 samples of beef were 
bought from 10 stalls at the same markets during February 1999. The samples 
were cut into pieces (with sizes about 4-6 cm') and placed into sterile plastic bags 
directly by the food handlers. Samples were aseptically weighed and mixed with 
saline in a ratio of 1 g/mL, and vigorously shaken for 15 min in stomacher bag. 
Then viable bacterial counts were performed with undiluted suspension and five 
ten-fold serial dilution of 10 10 〜 1 0 —；，10 ,^10 ―，in sterile saline. A volume 
of 0.05 mL of each dilution was spread on a M L A M plate followed by incubation 
at 30。C for 48 h. The number of typical colonies oi Acinetobacter growing on the 
M L A M plate were reported as colony forming unit per mL (cfu/mL) and then cfti 
per gram of meat. Typical colonies were picked and identified by routine 
bacteriological tests and the genus Acinetobacter confirmed by the transformation 
assay (Juni, 1972). 
2.3.2 Routine bacteriological identification 
Moti l i ty 
Young broth cultures o f the organism were examined in "hanging drop" 
preparations after incubation at 30°C for 4 h (Cowan et al., 1993). 
Oxidase 
Colonies were streaked slightly on filter paper soaked with a freshly prepared 
solution of 0.3% tetramethyl-p-phenylenediamine dihydrochloride in 30% 
ethanol (Cowan et al., 1993). The positive result was indicated by the appearance 
of purple color change. 
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Glucose oxidation was tested in Hugh and Leifson's medium containing 1% (w/v) 
glucose (open tube) (Gemer-Smidt et al., 1991). 
Catalase 
Catalase activity was indicated by appearance of air bubbles after one drop o f 
3-6% H2O2 was added to the organism streaked on a slide (Cowan et al” 1993). 
Tween 80 test 
The test culture was streak-inoculated on the surface o f Tween 80 Nutrient Agar 
and incubated at 30°C for 48 h. Hydrolysis of Tween was indicated by an opaque 
halo o f precipitation around the growth (Cowan et al., 1993). 
2.4 General molecular biology techniques 
2.4.1 DNA isolation 
Guanidinium thiocyanate-ammonium acetate-chloroform method 
The procedure described by Pitcher et al. (1989) was used wi th slight 
modification. About five loopfuls o f culture suspended in 500 buffered salt 
solution was centrifiiged at 13,000 rpm for 2 min. A small pellet (rice grain-sized) 
was obtained and resuspended in 100 I x TE. The cells were lysed by the 
addition o f 0.5 mL GES and the suspension was mixed carefully wi th pipette tip. 
The lysates were cooled on ice for 10 min, then 250 o f cold ammonium acetate 
(7.5 M ) was added wi th mixing fol lowed by holding on ice for a further 10 min. 
A volume o f 500 ^il ice cold chlorofonn:isoamylalcohol (24:1) mixture was 
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added carefully. The phases were mixed thoroughly, and then centriftiged at 
2,500 xg for 20 min. The supernatant was transferred with a wide-bore Pasteur 
pipette to a 1.5 mL Eppendorf tube (aqueous phase, ca. 700^x1) with great care 
taken not to disturb the other phases and precipitated with 0.54 volume of cold 
isopropanol. The tubes were inverted to mix the solutions, and the fibrous DNA 
precipitate was deposited by centrifUgation at 1500xg for 5 min. The D N A pellet 
was washed 3 times with 70% ethanol, and dried by speed vacuum centrifuge and 
dissolved in 100 |li1 I x TE. The D N A was completely dissolved after storage at 
4°C overnight or heating to 37。C for 5 min. It was treated with 25 RNAse 
(0.25 mg/mL) at 37°C for 1.5 hand then stored at -20°C. 
This method eliminates endogenous nuclease activity by a strong protein 
denaturant guanidinium isothiocyanate and avoids the need for phenol and 
protease treatments (Pitcher et al. 1989; Boom et al., 1990). 
2.4.2 Transformation assay 
A simple transformation assay (Juni, 1972) has been devised for rapid 
examination of large numbers o f strains to determine whether or not they are 
acinetobacters. This method has demonstrated that genomic D N A from 265 
strains of all species o f the genus Acinetobacter could transform stable 
auxotrophs o f the competent Acinetobacter to prototrophy. 
Preparation of crude transforming D N A 
A loopful o f cell paste from a suitable growth medium (e.g. Mti l ler Hinton) of the 
test strain was suspended in 0.5 mL o f lysis solution containing SDS, and mixed 
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thoroughly using a vortex mixer, then heated in a 60。C water bath for 2 h. The 
sterility of the crude DNA was checked by incubation on nutrient agar at 30°C 
for 24 h. The exact amount of cell paste used in this procedure is not critical. 
Transformation o f auxotrophic tester strains 
A small amount of bacterial paste o f auxotroph trpE27 , just visible to the naked 
eye, was applied to a sector o f an indicator plate containing a medium supporting 
growth of the prototrophically transformed strain but upon which the auxotrophic 
tester strain (trpE27) cannot grow. Strain trpE27 lacking a functional anthranilate 
synthetase was used as the recipient organism. A loopfbl of the crude D N A 
preparation was then mixed with the cell paste of t rpE27 in an area o f about 5 to 
10 mm in diameter. Cell paste of auxotrophic strain trpE27 was also spread on 
another sector o f the same plate to serve as a non-DNA-treated control (negative 
growth control), and a third sector o f the plate was streaked with a loopful o f 
Acinetobacter baumannii type strain NCTC12156T to serve as a growth control. 
Results interpretation 
Positive control was indicated by transformant colonies when auxotroph trpE27 
cells were mixed with D N A from A. baumannii type strain, whereas negative 
control by no colonies observed when cells were mixed wi th D N A from an 
unrelated organism. Therefore, auxotrophic trpE27 cell paste treated wi th D N A 
from an authentic strain o f Acinetobacter resulted in the appearance o f 
prototrophic transformant colonies. 
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2.4.3 Agarose gel electrophoresis 
Agarose gel was prepared by weighing the required amount of agarose into a 
conical flask o f suitable size, to which the required volume of appropriate 
strength o f Tris-borate-EDTA (TBE) buffer was then added. After brief mixing, 
the agarose was melted using a microwave oven, left to cool to approximately 
50。C and poured into a gel casting tray wi th open sides sealed by tape and combs 
placed in a position with slots about 1 mm above the bottom of the tray. The gel 
was left to set at room temperature for at least an hour. 
The samples were mixed with a 5x concentrated sample buffer (0.05% w/v 
bromophenol blue and 25% v/v glycerol) and loaded into the slots o f the gel 
(with tape removed) in a TBE buffer wi th the gel tank GNA-2000 and a 500-
200V power supply. The agarose concentration and time o f running were 
adjusted according to the size of the fragments being separated. When higher 
resolution was required, a larger tray (measurements 25 x 25 cm) was used. Gel 
o f 2% w/v concentration was used to separate fragments with sizes under 2 kb for 
2 h and 1% for sizes above for 1 - VA h. Markers o f 100 base-pair were loaded 
on each gel to serve as molecular size standards for comparison. 
After electrophoresis, the gel was stained wi th 0.5 |ng/mL ethidium bromide 
solution for 10 to 15 min and decolorized wi th D W for 15 min. Stained gels were 
U V transilluminated and the image was captured by a gel documentation system 
(ImageMaster VDS) and saved as t i f f file. 
43 
Chapter 2 Materia丨s & Methods 
2.5 Genomic species identification of acinetobacters by 
Amplified Ribosomal Restriction DNA Analysis (ARDRA) 
The A R D R A method was performed as described by Vaneechoutte et al (1995a) 
wi th minor modifications. 
Template preparation (Quick boil-lysis ) 
A 10-fiL loopfUl of colony growth from Mii l ler-Hinton agar was suspended in 
300 |liL DDW，heated at 100°C for 10 min, and briefly centrifiiged. 
PCR assay 
The supernatant o f the boiled cell suspension as described above was used as 
templates for PCR. Two pairs o f oligonucleotide primers (Gibco BRL, Li fe 
Technologies), derived from conserved regions at the edges of the 16S rDNA 
(Rossau et al, 1991a), were used and their sequences were as follows: A R D R A 1, 
5 ’ -TGG CTC A G A TTG A A C GCT GGC GGC-3’，and A R D R A 2, 5 'TAC CTG 
T T A CGA CTT CAC CCC A-3’ . 
Ampli f icat ion reactions were done in a thermal cycler in a total volume of 50 \xL. 
Two PCR assay conditions were used and evaluated in this study. 
Condition 1 : 
The reaction mixture contained 0.3 Uni t o f Tag D N A Polymerase, 0.3 ^iM of 
each o f primers ( A R D R A l and ARDRA2) , 200 | i M o f each deoxyribonucleoside 
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triphosphate, and Ix PGR buffer ( lOmMTris-HCl, pH=8.3, 1.5 m M MgCl. , 50 
m M KCl). 
PCR was performed with an initial denaturation o f 6 min at 94。C，followed by 34 
cycles o f 45 sec at 94°C, 45 sec at 60。C, and 4 min at 72°C, and a final extension 
of 16mina t72°C. 
Condition 2: 
The mix contained 0.5 Unit o f Tag D N A Polymerase, 0.2 ^ M of each primer 
( A R D R A l and ARDRA2), 100 p M o f each deoxyribonucleoside triphosphate, 
and I x PCR buffer. 
PCR was performed with an initial denaturation o f 6 min at 94。C, followed by 35 
cycles o f 45 sec at 94°C, 45 sec at 65°C, and 2 min at 72°C, and a final extension 
o f 6 m i n a t 7 2 ° C . 
Agarose gel electrophoresis 
Amplicons were separated electrophoretically on 1% agarose gel. Samples (S^L) 
mixed wi th 2 |nL 5x loading buffer were loaded and electrophoresed using a I x 
TBE buffer system at 100 V for about 1 h. The gel was stained and photographed 
(see 2.4.3). Compared with size markers, the amplicons were estimated to be 
about 1500 bp. 
Restriction digestion 
Restriction o f amplified products was carried out for VA h at 37 °C in 20-|aL 
volumes o f commercially supplied reaction buffer containing 5 U o f one o f the 
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fol lowing restriction enzymes: Alu\ (AGCT), 10 U of Cfol (GCGC), Rsal 
(GTAC)，Mspl (GATC), and Mbol (GATC), and 3 to 10 ^iL o f amplicons. The 
volume of amplicons used in the restriction mixture was adjusted on the basis of 
visually observed UV fluorescence intensity of the amplified r D N A fragment in 
the control gel. For selected strains, Bfal and BsmAl were used in quantities o f 5 
U per 20 |liL o f sample mix. Restriction was stopped by the addition of 5 \iL o f 5x 
sample buffer. Each sample o f 12.5 pL volume was analyzed by gel 
electrophoresis for 3 h in 2.5% agarose in I x TBE buffer. A l l gels were stained 
and documented (see 2.4.3). 
Restriction patterns generated wi th the use o f the five restriction enzymes were 
coded corresponding those of the scheme of Vaneechoutte et al (1995a), and 
Di jkshoom et al (1998) in Appendix 1. The combination o f restriction patterns 
obtained with the respective enzymes Cfo\, AliA, Mbol, Rsal and Mspl 
constituted an ARDRA profile. A test isolate was identified to D N A group by 
matching its profile wi th the existing database o f ARDRA profiles (Di jkshoom et 
al,, 1998; Appendix 2) 
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2.6 Characterization of ARDRA unclassifiable acinetobacters 
(AUA) by phenotypic methods 
The control strains for the phenotypic tests were obtained from the first set of 
reference strains and are listed in Table 2.8. 
2.6.1 Temperature Tolerance tests (Bouvet and Grimont, 1987) 
Tests for growth at 30。C (control), 37°C, 41。C and 44°C were performed in 
tryptocasein soy broth (TSB) in a water bath. Tubes containing 5 mL of broth 
were inoculated wi th a drop o f an overnight culture in the same broth and 
examined for growth after 2 days. 
2.6.2 Carbon utilization tests (Bouvet and Grimont, 1987; Gemer-Smidt et 
al, 1991) 
The defined medium of Cruze et al (1979) was supplemented at final 
concentration of 0.1% (w/v) wi th one o f the fol lowing filter-sterilized carbon 
sources: DL-lactate, DL-4-aminobutyrate, rraw^-aconitate, citrate, glutarate, 
aspartate, azelate, P-alanine, L-histidine, D-malate, malonate, histamine, L -
phenylalanine, phenylacetate, levulinate, citraconate, 4-hydroxybenzoate and L -
tartrate. About 10 [ iL o f a test strain, from a mixture o f a lO-^iL loopfl i l o f 
overnight culture ( M H broth) in 10 mL o f 0.9% sodium chloride, was added into 
3 mL volume of the assimilation media. 
2.6.3 Gelatin hydrolysis and hemolysis tests 
Gelatin hydrolysis (Bouvet and Grimont, 1987) 
The test for gelatin hydrolysis was performed on tryptocasein soy agar 
supplemented wi th 4% (w/y) gelatin. Cultures were spot-inoculated, incubated at 
47 
Chapter 2 Materia丨s & Methods 
22°C for 2 days and examined for clear zones after flooding with Frazier reagent 
(15% w/v HgCl, in HCl 2N). 
Test for hemolysis (Gemer-Smidt et al., 1991) 
Colonies were streaked on 5% human blood agar plates. Positive results were 
indicated by a clear zone surrounding around the colonies after plates being 
incubated at 30。C for 48 h. 
The 18 tests were validated with their corresponding known positive (>90%) and 
negative (10%) D N A group strains (Table 2.8) for that particular test based on 
the identification matrix Table 1.3. 
Table 2.8 Control strains for validating the 18-tests phenotypic system 
Positive control strains Negative control strains 
Tests Strain ( D N A group) Strain ( D N A group) 
Temperature tolerance tests 
RUH 872 (2) R U H 5 8 4 (1) 
RUH 584 (1) RUH 2216 (13BJ/14TU) 
3 7 � C RUH 2204 (3) RUH 2855 (7) 
Acid from glucose RUH 584 (1) RUH 2855 (7) 
Gelatinase RUH 2867 (6) RUH 872 (2) 
Hemolys is of human blood RUH 2867 (6) R U H 584 (1) 
DL-Lactate RUH 872 (2) RUH 2213 (4) 
DL-4-Aminobutyrate RUH 872 (2) RUH 2867 (6) 
Trans-Aconitate RUH 872 (2) RUH 2208 (5) 
Citrate RUH 872 (2) RUH 2865 (12) 
Glutarate RUH 872 (2) RUH 551 (8) 
Aspartate RUH 872 (2) RUH 551 (8) 
A沈 late RUH 872 (2) RUH 2867 (6) 
P-Alanme RUH 872 (2) RUH 551 (8) 
L-Histidine RUH 872 (2) RUH 551 (8) 
D-Malate RUH 872 (2) RUH 2865 (12) 
Malonate RUH 872 (2) RUH 551 (8) 
Histamine RUH 2 8 6 0 (11) R U H 584 (1) 
L-Phenylalaine RUH 584 (1) RUH 551 (8) 
Phenylacetate RUH 2 2 1 6 (13BJ/14TU) RUH 2222 (10) 
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2.6.4 Minimum Inhibitory Concentration (MIC) 
Minimal inhibitory concentrations (MICs) o f acinetobacters to 11 antimicrobial 
agents (Table 2.9) were determined by the agar dilution method according to the 
National Committee for Clinical Laboratory Standards (NCCLS, 1993). Plates 
containing serial two-fold dilutions of antibiotics were prepared by adding 
appropriate volumes of antibiotics into Muller Hinton (MH) agar to give the 
required final concentrations. 
Each organism to be tested was inoculated into 10 mL B H I broth and incubated 
for 4 h to late exponential phase. The bacterial suspension was adjusted with 
sterile 0.9% saline to a turbidity matching that o f a MacFarland 0.5 standard, and 
used as the inoculum. MIC-2000 inoculator was used to deliver approximately 
104 colony forming unit (cfu) onto antibiotic-containing plates. The agar plates 
were incubated at 30°C for 18 h because some Acinetobacter D N A groups grow 
only at temperature below 37°C. 
The lowest concentration of antibiotic that inhibited growth of the strain was 
taken as the minimal inhibitory concentration. M I C values were interpreted as 
sensitive (S) or intermediate (I) or resistance (R) according to the breakpoint 
values fox Acinetobacter (Table 2.9) as recommended by National Committee for 
Clinical Laboratory Standards (NCCLS, 1999). 
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T a b l e 2.9 Range o f concentrations o f ant imicrob ia l agents tested and their 
breakpoints 
An t ib io t i cs Concentrat ion Range Breakpoint values* 
(mg/L) R I S 
P-Lactams 
Ampicillin (AMP) 0.125 - 64 >32 <32>8 <8 
Sulbactam (SUL) 0.06 - 32 >16 <16>4 ^ 
Cefepime (CPE) 0.125- 6 >32 <32>8 <8 
Ceftazidime (CAZ) 0.125-64 >32 <32>8 <8 
Aminog lycos ides 
Amikacin (AK) 0.125 -32 >32 <32>16 <16 
Gentamicin (G) 0.125 —32 >8 <8>4 <4 
Netilmicin (NET) 0.06- 32 >32 <32>12 <12 
Quinolones 
Ciprofloxacin (CIP) 0.06-256 >4 <4>1 < l 
Levofloxacin (LVX) 0.007— 16 >8 <8>2 ^ 
Carbapenems 
Imipenem (IMP) 0.06—16 >16 <16>4 ^ 
Others 
Tetracycline (TET) 0.25 - 64 >16 <16>4 <4 
•National Committee for clinical laboratory Standards (NCCLS, 1999) 
where R: resistant I : intermediate resistant S : sensitive 
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2.7 Characterization of ARDRA unclassifiable acinetobacters 
(AUA) by tDNA spacer Fingerprinting Analysis (tDNA) 
The tDNA fingerprinting method was performed as described by Ehrenstein et al. 
(1996) with minor modifications. The modifications are the results of assessment 
made by C.M. Leung during his MPhil project 1998 at the Chinese University of 
Hong Kong. 
Template preparation (Quick boil-lysis) 
A 1 卞L loopful of colony growth from Mueller-Hinton agar was suspended in 
100 laL DDW, boiled for 10 min, and centrifliged briefly. 
Primers 
Primers designed to amplify the spacer regions of tDNA clusters were used in 
tDNA fingerprinting analysis (Welsh and McClelland, 1991). Two 
oligonucleotide primers for tDNA outward spacer amplification, which were 
consensus sequences derived from the tDNA 3，and 5' ends, as described by 
Welsh and McClelland (1991), were used and their sequences were as follows: 
T3A, 5，-GGG GGT TCG A A T TCC CGC CGG CCC CA-3,，and T5B, 5 ' -AAT 
GCT CTA CCA ACT GAA CT-3'. Both primers were 5'-end-labelled with a 
laser fluorescent chemical Cy-5 during custom synthesis (Sigma-Genosys, U.K.). 
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PCR assay 
The supernatant o f the boiled suspension as described was used as the template 
for PCR, and one microliter provides sufficient target D N A for PCR 
amplification. Each PCR was carried out in 25-| iL volumes containing 0.6 U of 
Taq polymerase, 0.1 m M each of T3A and T5B primers, 200 p M each 
deoxynucleoside triphosphate and I x PCR buffer. The amplif ication reactions 
were done in a thermal cycler w i th init ial denaturation for 2 min at 94°C, 45 
cycles o f 40s at 94°C, 40 s at 50°C, and 2 min at 72°C, then fo l lowed by f inal 
extension at 72°C for 3 min. 
Gel analysis (Grundmann et a!., 1995; Ehrenstein et al., 1996) 
Ampl i f icat ion products were analyzed wi th the automated laser D N A sequencer 
(ALFexpress). D N A fragments were separated by electrophoresis through 6% 
Gene-PAGE-PLUS 7 M urea denaturing polyacrylamide gel. For sample 
preparation, 2 \xL di luted sample (1 in 5 di lut ion o f PCR products) was mixed 
w i th 7 [ iL spiked loading dye, which consisted o f 3 [lL loading dye, 2 ^iL each o f 
two internal size markers - fragments 114 bp and 821 bp. The sample mixture 
was heated at 95°C for 2 min, cooled on ice, and immediately loaded into the gel. 
Running buffer was 0.5 x TBE buffer, and the electrophoresis conditions were 
1500 V，25 mA, and 25 W for 1000 min at 55。C. 
Reference strain 
Type strain Acinetobacter baumannii ( D N A group 2), NCTC 12156^, was used 
as the reference strain for inter-gel standardization based on results o f assessment 
performed by C. M . Leung. 
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External and internal size markers 
• 
The Cy5 labeled 50-500 bp external size markers were loaded at least three times 
into the same gel for intra-gel standardization. The 114 and 821 fragments were 
amplified from the plasmid pUC18 using a Cy-5 labeled universal primer and 
two custom made primers. They were diluted in 1 to 5, and added to each sample 
(including the size marker) as internal size markers in order to correct for minor 
variation in migration and gel distortions. 
Data analysis 
The Cy-5 labeled primers allow the use o f ALFexpress for fragment detection 
and the fingerprints generated were stored image files for further processed by 
BioNumerics version 1.5. 
Fol lowing conversion, normalization wi th the external and internal size markers, 
and background subtraction by mathematical algorithms, levels of similarity 
between tDNA fingerprints were calculated by using Pearson product-moment 
correlation coefficient applied to all points fall ing in the active zones o f the band 
patterns. The active zones o f tDNA fingerprints selected for analysis were 
between 114 and 500 bp (see 4.1.1). Clusters were recognized by using the 
unweighted pair-group method wi th arithmetic averages (Vauterin and Vauterin, 
1992). 
Pearson product-moment correlation coefficient was chosen as basis for 
similarity matrices in this study because (i) Pearson product-moment correlation 
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coefficient is principally independent of relative concentrations of patterns and is 
largely insensitive to differences in background (Vauterin and Vauterin, 1992). (ii) 
results of cluster analysis obtained can be comparable with the results of the 
tDNA fingerprinting study (with 128 Acinetobacter strains that had been 
extensively characterized using Pearson product-moment correlation coefficient) 
by Ehrenstein et al (1996). 
In this study, a total o f 10 runs o f denaturing acrylamide gels were performed 
with the 35 Acinetobacter hybridized reference strains (see Table 2.2a) and the 
177 A U A . 
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2.8 Characterization of AUA by Fluorescent Amplified 
Fragment Length Polymorphism Analysis (FAFLP) 
The FAFLP protocol used in this study was performed as described by Vos et al. 
(1995)，Janssen and Di jkshoom (1996), Janssen et a/. (1997) w i th minor 
modifications. 
Template preparation 
The 34 reference strains (Table 2.3) were included in this method as reference 
strains for known genomic D N A groups. Acinetobacter genomic D N A sample 
was prepared as described previously in section 2.4.1. The concentration o f the 
extracted D N A was estimated by agarose gel electrophoresis (2.4.3) using 1% 
agarose and I x TBE buffer system. Sample o f 2 |liL D N A solution were mixed 
w i th 3 | iL 5x sample buffer and 10 ^ L D D W and loaded to the gel w i th a series 
o f Lambda D N A (A-DNA) solutions wi th concentration 25, 50, 75，100，150, 200 
and 400 ng/^L , which were prepared by 入DNA work ing solution w i th D D W . The 
D N A was visualized by U V transilumination after ethidium bromide staining as 
previously described in 2.4.3. The concentration o f D N A in the sample was 
estimated by comparing its band intensity w i th that o f different concentrations o f 
入DNA. Finally the concentration o f all D N A samples were brought to f inal 
concentration o f 20 ng/ | iL in aqueous solution and stored at -20°C. 
Restriction 
Purif ied genomic D N A (500 ng) in 25 ^ L aqueous solution was digested in a 
total volume o f 30 pL，which consisted o f 10 U Taql, I x One-Phor-Al l buffer 
PLUS, 5 m M Dithiothreitol (DTT), and 100 | ig Bovine serum albumin (BSA) at 
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65°C for 90 min. To this digest was added SjixL of 15 U/^iL Hindlll, 0.3 pL OPA 
lOx and 0.7|iL D D W at 37°C in a final volume of 31 )aL; the reaction mixtures 
were incubated for a further 90 min at 37°C. 
Ligation 
Fol lowing digestion, adaptors were added to a final concentration of 0.04 ^iM 
Hind I I I adaptor and 0.4 [iM for Taq\ adaptor, and ligated to the restriction 
fragments in a final volume of 39 ^iL containing I x One-Phor-All Buffer PLUS 
5 m M DTT, 100 ^ig/mL BSA, and 0.2 m M Adenine 5'-Triphosphate (ATP) and 1 
Unit TVligase. The reaction mixture was incubated at 37。C for 3 h. The Hind I I I 
(H I and H2) and Taq\ half-site-specific adaptors (T1 and T l ) consisted of 
equimolar mixtures of the partly complementary oligonucleotides. Specific 
primers and adaptors are listed in Table 2.10. 
Table 2.10 Sequences of oligonucleotide primers and adaptor used in FAFLP method 
Primer/adaptor Nucleotide Sequences Manufacturer 
5, - 3, direction 
HOI primer with Cy5~ACTGCGTACCAGCTTa Sigma-Genosys Ltd., Cambridgeshire, 
labeled U.K. ， 
T05 primer GATGAGTCCTGACCGaaa Gibco BRL, Life Technologies, U.S.A. 
H(ind)-adaptor 1 (HI) TCGTAGACTGCGTACC Gibco BRL 
H(ind)-adaptor 2 (H2) AGCTGGTACGCAGTC Gibco BRL 
T(aq)-adaptor 1 (T l ) GACGATGAGTCCTGAC Gibco BRL 
T(aq)-adaptor 2 (T2) CGGTCAGGACTCAT Gibco BRL 
PGR Assay 
The restriction-ligation mixtures as described above were diluted five times wi th 
D W and then used as H - T templates for PGR. Two oligonucleotide primers HOI 
56 
Chapter 2 Materia丨s & Methods 
and T05 (Table 2.10), which have one or two adenines as 3, extensions (indicated 
in lowercase letters) respectively, made the amplif ication o f restriction fragments 
more selective and specific. Only PCR products amplif ied by HOI primers could 
be visualized because only the 5, end o f HOI primer was Cy5 labeled, and 
detected by the ALFexpress sequencer device. The reactions were performed on a 
thermal cycler in 10-|iL volume containing 4 |aL H - T templates, 0.7 Uni t o f Tag 
polymerase, 6.25 ng/|aL HOI primer, 30 ng/|_iL T05 primer, and 0 .2mM each 
dNTP，Ix PCR buffer. The PCR was carried out wi th init ial denaturation o f 1 min 
at 94。C, fol lowed by nine cycles touch down cycles o f 30 sec at 94 °C，30 sec 65 
60 sec at 72。C，and 27 cycles o f 30 sec at 94。C，30 sec at 56。C，and 60 
sec at 72°C. 
Gel analysis 
PCR products were separated in Rapid Gel™_ X L 6% denaturing polyacrylamide 
gel in 0.5x TBE buffer on an automated laser D N A sequencer (see 2.7). Samples 
containing 10 pL o f PCR products, and 6 | iL loading dye (a mixture containing 5 
^aL o f formamide, 1 ^ L o f loading solution (ALFexpress) were denatured at 94 
°C for 3 min, and immediately loaded onto the gel. The running conditions were 
1500 V，60 mA, 30 W for 700 m in at 55°C. 
Data analysis 
Similar to data analysis o f t D N A fingerprints (see 2.7), U P G M A and Pearson 
product-moment correlation coefficient were used, and the active zones o f 
57 
Chapter 2 Materia丨s & Methods 
FAFLP fingerprints used for analysis were between 50 and 500 bp (see 5.1.1). 
Wi th complex patterns, such as FAFLP fingerprint profiles, it is more accurate to 
calculate the product-moment correlation coefficient o f each pair o f densitometric 
curves when compared wi th band matching, as the whole o f each curve is taken 
into account without the assignment o f bands (Savelkoul et al, 1999). 
The Acinetobacter calcoaceticus strain (genomic group 1), R U H 944, included in 
one to two lanes o f each gel, was used as the internal reference strain to al low 
intra- and inter-gel comparison because it could generate a banding pattern 
showing well-separated bands over the entire length o f the gel. Some reference 
strains were also chosen to repeat at least twice and thrice on separate gel runs to 
study the reproducibil ity o f the method. 
2.9 ERIC PGR typing method 
Primer ERIC2 [5 , -AAG T A A GTG A C T GGG GTG AGC G (Gibco BRL, L i fe 
Technologies, U.S.A.)] was used for additional PGR fingerprinting (Struelens et 
a/.，1993; V i l a et al, 1996; Presterl et al” 1997). 
Each reaction (25 | iL ) contained 50 pmol o f the primer, 0 .2mM dNTP, I x 
reaction buffer, 0.25U Tag D N A polymerase and 1 0 - 5 0 ng D N A template. PGR 
cycling o f 45 repeats o f 60 sec at 95°C，60 sec at 36。C and 120 sec at 72。C was 
carried out in a thermal controller. Ampl i f ied D N A was analyzed by gel 
electrophoresis in 2% agarose in 0.5x TBE buffer, fol lowed by ethidium bromide 
staining and photography (see 2.4.3). 
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ACINETOBACTERS BY ARDRA FROM 
HOSPITAL AND NATURAL ENVIRONMENTS 
3.1 RESULTS 
3.1.1 Isolation and genomic species identification of acinetobacters 
from hospital environments and raw food 
Isolation of acinetobacters 
Samples from the hospital environment 
The study of the presence o f acinetobacters in the hospital environment was 
carried out from Sept. 1998 to Dec. 1998 involving the Intensive Care Unit (ICU) 
and four surgical wards, 3C, 3D, 4C, 4D at the Prince o f Wales Hospital in Hong 
Kong. 
Ten settle plates were placed in a standardized manner as described in 2.3.1 for 6 
hours on 7 weekly occasions in ICU. Of the 70 plates used, 67 (96%) yielded 
acinetobacters, wi th a range o f 1 to 42 colonies per plate. The mean colony 
counts per location over the 7 weeks ranged from 4 to 19 per plate (Table 3.1). 
Forty settle plates were placed in four surgical wards (total 120 beds) at the same 
time and locations for 8 hours on 3 occasions (22"^ ^ Sept., 7出 and 20出 Oct., 1998). 
Acinetobacters (range 1 to 13 colonies) were found on 110 (92%) o f the 120 
plates used (Table 3.2). The number of plates wi th less than 5 colonies was 
significantly smaller in the ICU than on the surgical wards. 
Only the first two batches o f isolated acinetobacters (31) from ICU and the 46 
isolates obtained on 20"^ Oct. from the 4 wards were chosen to be identified to 
genomic species by A R D R A as they were more closer in the time o f collection. 
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Table 3.1 Isolation of acinetobacters f rom ICU using 10 settle plates exposed to 
6 h at weekly intervals 
Batch no. 
1 2 3 4 5 6 7 
Date (dd/mm/yy) 
30/10/98 6/11/98 13/11/98 19/11/98 27/11/98 2/12/98 9/12/98 
No. of positive ~ 
plates 10 10 10 9 9 10 9 
Range of colony 
No./plate 1-26 1-23 3-18 4-14 1-6 5-42 2-20 
No. of 
acinetobacters 15 10 18 17 9 17 13 
isolated 
No. of ARDRA 15 16 NIL NIL NIL NIL NIL 
performed 
Table 3.2 Isolation o f acinetobacters f rom the four surgical wards using 40 settle 
plates exposed for 8 ha t 2-weekly intervals 
Batch no. 
J 2 3 
Date (dd/mm/yy) “ 
22-09-98 07-10-98 20-10-98 
No. of positive plates 37 37 36 
Range of colony no. per plate 1 to 7 1 to 13 1 to 10 
No. of acinetobacters isolated 37 53 46 
No. of ARDRA performed NIL NIL 46 
In total, seventy-seven acinetobacters from hospital environments were 
identified to genomic species by A R D R A method. 
Samples from raw food 
The study was carried out over two periods，the first period being Oct. to Nov. 98 
(average air temperature o f 28。C), and the second period February 99 (average 
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air temperature of 18。C). Table 3.3 shows the number of positive samples and 
acinetobacters isolated from fish, pork and beef and the viable counts. On 
average, the viable counts were higher in fish compared with pork and beef, and 
so were in October compared wi th February. The total number o f acinetobacters 
isolated were 38 in the first period and 16 in the second period, all of which (54) 
were identified to genomic species by ARDRA. 
Table 3.3 Isolation o f acinetobacters from fish and meat samples obtained from 
11 market stalls during the summer of 1998 and from 10 market stalls 
during the winter o f 1999 
Period of sampling 
October 1998 February 1999 
Specimen type Fish Pork Beef Fish Pork B e ^ 
No. o f samples 19 17 6 19 pZ 6 
No. o f sample positive 11 14 3 10 6 2 
Range o f viable count 
10 -103* 4 1 2 1 
1 0 3 - 106 8 11 2 9 4 1 
106 - 109 3 1 
No. of acinetobacters 18 18 2 9 5 2 
isolated 
Total o f acinetobacters 38 16 
* sensitivity of the detection method: 20 organisms/gram of food (inoculum size: 50 ^il per plate) 
Genomic species identification of acinetobacters collected by ARDRA 
Seventy seven acinetobacters from hospital environments and another 54 from 
raw food were identified to genomic species by ARDRA (Vaneechoutte et 
a/. 1995a, Dijkshoom et al 1998). Results are shown in Table 3.4. Thirty-f ive 
reference strains (Table 2.2a) belonging to the 18 described D N A group o f the 
genus Acinetobacter were used as controls. 
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Table 3.4 Genomic species identification results of the acinetobacters collected 
in this study 
Genomic species Hospital environments Raw food (fish/meat) 
4 
2 13 1 
3 31 
4,7’ 13BJ/14TU 2 18 
5 ,17 3 3 






13 TU 5 
14 BJ 1 
15 BJ 
15TU 3 
Unclassifiable (%) 11 (14%) 27 (50%) 
Total acinetobacters 7 7 ~ ‘ 54 “ 
Evaluation of PCR conditions in ARDRA method 
An extra band o f approximately 250 bp was found especially in Mspl and Rsal 
restriction patterns and Dijkshoom et al. (1998) reported similar findings. The 
extra band was produced during PCR reaction and was presumably 'an aspecific 
amplification product'. 
In this study, two PCR conditions were evaluated. The first PCR condition 
included a reaction mixture of 0.3 Unit Taq D N A Polymerase and 0.3 ^ M o f each 
primers at annealing temperature o f 60。C, whereas the second condition included 
a reaction mixture o f 0.5 Unit Taq D N A Polymerase, 0.2 p M o f each primer at 
annealing temperature o f 65°C. The results showed that the nonspecific 250 bp 
band was reduced in the second PCR condition, making the interpretation o f 
Myp l and Rsal patterns easier. The second PCR condition was then used for the 
rest o f the samples in this study. 
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3.1.2 Collection of ARDRA unclassifiable acinetobacters (AUA) 
The whole collection o f ARDRA unclassifiable acinetobacters ( A U A ) used in 
this study is summarized in Table 3.5. A U A accounted for 15 to 19% of clinical 
samples (blood cultures, clinical screening samples and skin carriage samples), 
140/0 o f hospital environmental samples ( ICU and surgical wards) f rom the Prince 
o f Wales Hospital (PWH), and 35 to 50% o f raw food (vegetables, fish, meat) 
and soil samples in Hong Kong. Altogether, 177 A U A were obtained f rom 905 
acinetobacters isolated from other studies and this study. 
Table 3.5 Summary o f the whole collection o f A U A from Hong Kong used in 
this study 
Sources (Period) No. of acinetobacters No. of AUA (%) 
tested by ARDRA 
Collection from other studies 
Blood cultures (1997-Sept.98, PWH) 138 21 (15) 
Other clinical screening specimens 141 28 (20) 
( 1 9 9 7 & 1998, P W H ) 
Skin carriage study (1997) 43 1 63 (15) 
Raw food- vegetable (1997) 44 20 (44) 
Soil (Summer 1998) 20 7 (35) 
Collection from this study 
Hospital environments (Oct.-Dec. 1998) 77 11 (14) 
Raw food-f ish & meat (Nov.98 & Feb. 99) 54 27 (50) 
Total collected ^ 177 * 
PWH, the Prince of Wales Hospital, Hong Kong, People's Republic of China 
* 177 AUA represent 101 novel ARDRA profiles 
The novel A R D R A profiles were designated a number prefixed w i th " U " . One 
hundred and one novel profiles were obtained f rom 177 A U A as shown in 
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Appendix 3，in which some were epidemiologically related (isolated from the 
same patient). 
Since there were so many 'U ' groups, criteria were set up to select some of them 
for further characterization by two genotypic and phenotypic methods. The 
criteria for choosing the representative A U A groups are: (i) groups must have at 
least f ive or more epidemiologically apparently unrelated isolates, that is, they 
were collected from different patients, different samples including clinical and 
environmental samples, and different locations and dates, ( i i ) groups may have 
two A R D R A profiles wi th not more than one restriction pattern difference. 
One genomic species might have two A R D R A profiles differing only in one 
restriction enzyme. Di jkshoom et al (1998) described Acinetobacter 
calcoaceticus (genomic species 1) as having two A R D R A profiles, i.e. 22113 ( in 
seven strains) and 32113 ( in one strain). In this study, the A U A groups U19 and 
U57，each possessing two A R D R A profiles w i th one enzyme pattern difference, 
were therefore included. 
After repeating ARDRA, 5 major A U A groups met the criteria, including 11 Ul， 
9 U2, 5 U19, 11 U54 and 6 U57 isolates. Groups U19 and U57 were each divided 
into two subgroups a and b, as two A R D R A profiles dif fer ing in only one 
restriction enzyme pattern were found: Mbo\ patterns 3 and 1 for U19 and Cfo\ 
patterns (1+5) and 5 for U57. They all came from epidemiologically apparently 
unrelated sources and are summarized in Table 3.6. A l l isolates were designated 
wi th a prefix C U H K for purpose o f easy identification. 
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Table 3.6 Summary of the 5 major ARDRA unclassifiable (AUA) groups 
Designation Profile No. of isolatesSources 
35113 11 clinical specimens, vegetables 
U2 31313 9 skin carriage studies, soil, 
clinical specimens, vegetables 
U19a 14143 3 skin carriage studies, 
U19b 14343 2 clinical specimens 
U54 111(1+2)1 11 clinical specimens 
U57a (1+5)4122 3 Fish and meat 
U57b 54122 3 
42 (total) 
The sources o f the five major A U A groups are also listed in detail in Table 3.7. 
In this study, Cfo\ pattern 1+5 and Rsa\ 1+2 were the two new patterns that had 
not been described in the standard restriction enzymes panel and the existing 
A R D R A profile database (Appendix 1 and Appendix 2). The patterns were 
reproducible after repeating ARDRA from single colonies, and not caused by 
contaminated colonies. The Cfo\ 1+5 and Rsa\ 1+2 are illustrated in Figures 3.1 
and 3.2. 
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Table 3.7 Detail sources of the 5 major representative AUA groups 
AUA Working no. Profile Date Source/Type/ Locat ionSpecimens 
group (mm/dd/yy) Name 
^ ^ “ C U H K 3 5 3 9 35113 \ m 9 m S T H ^ sf^mH^i 
U1 CUHK4321 35113 04/24/97 Ward IOC Blood culture 
U1 CUHK 7005 35113 05/18/97 V14/Purslane Vegetables 
m CUHK 7008 35113 06/08/97 V9/Coriander Vegetables 
U l CUHK 7019 35113 11/21/97 V24/Pak Choi Vegetables 
U1 CUHK 7020 35113 11/21/97 V25/Pak Choi Vegetables 
U l CUHK 7024 35113 11/26/97 V26/Spring Onion Vegetables 
U l CUHK 7029 35113 11/26/97 V28/Spinach Vegetables 
U l CUHK 7034 35113 11/26/97 V30/Choi Sum Vegetables 
U l CUHK 7044 35113 11/26/97 V35/Spinach Vegetables 
U l CUHK 7601 35113 Summer 98 Tsuen Wan Soil 
U2 CUHK 295 31313 08/01/97 Carriage/acute/YT Toe web 
U2 CUHK 428 31313 09/01/97 Carriage/chronic/LF Groin 
U2 CUHK 695 31313 10/01/97 Carriage/chronic/TT Hairline 
U2 CUHK 3088 31313 01/07/97 ICU/MYP Tracheal aspirate 
U2 CUHK 3244 31313 11/27/98 ICU/LMY Tracheal aspirate 
U2 CUHK 4319 31313 04/22/97 Ward lOC/CSC Blood Culture 
U2 CUHK 4345 31313 08/08/97 Ward lOC/CLM Blood Culture 
U2 CUHK 7013 31313 08/03/97 V15/Purshane Vegetables 
U2 CUHK 7611 31313 Summer 98 Shatin Soil 
U19a CUHK 937 14143 02/01/98 Carriage/nurse/CWY Hairline (broth) 
U19a CUHK 3268 14143 12/07/98 ICU/CK Tracheal aspirate 
U19a CUHK 8405 14143 12/09/98 ICU Settle plate 
U19b CUHK 681 14343 10/01/97 Carriage/student/LYH Hair line 
U19b CUHK 951 14343 02/01/98 Carriage/nurse/HML Hairline (broth) 
U54 CUHK 3070 111(1+2)1 01/06/97 Clinical screening/LW Superficial wound 
U54 CUHK 3075 111(1+2)1 01/06/97 Clinical screening/LK Superficial wound 
U54 CUHK 3079 111(1+2)1 01/06/97 Clinical screening/CCC Superficial wound 
U54 CUHK 3081 111(1+2)1 01/07/97 Clinical screening/SJC Midstream urine 
U54 CUHK 3099 111(1+2)1 01/10/97 Clinical screening/CTY Superficial wound 
U54 CUHK 3110 111(1+2)1 01/11/97 Clinical screening/SYL Superficial wound 
U54 CUHK 3116 111(1+2)1 01/13/97 Clinical screeningA.SC Superficial wound 
U54 CUHK 3119 111(1+2)1 01/13/97 Clinical screening/LMH Superficial wound 
U54 CUHK 3120 111(1+2)1 01/13/97 Clinical screening/HSM Tracheal aspirate 
U54 CUHK 3125 111(1+2)1 01/13/97 Clinical screening/LCW Sputum 
U54 CUHK 3126 111(1+2)1 01/13/97 Clinical screening/TTT Superficial wound 
U57a CUHK 7532 (1+5)4122 11/12/98 Cheung ShaWan Fish 
U57a CUHK 7539 (1+5)4122 11/12/98 Shek Kip Mei Pork 
U57a CUHK 7547 (1+5)4122 02/02/99 Tsuen Wan Pork 
U57b CUHK 7521 54122 10/31/98 Ping Shek Pork 
U57b CUHK 7538 54122 11/12/98 Mong Kok Pork 
U57b CUHK 7541 54122 02/02/99 Shatin ^ 
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^^^顯 
H K ^ H I H 
Pattern 1 1+5 1+5 1+5 M 5 1+5 
Figure 3.1 The new restriction pattern Cfo\ 1+5 from group U57a. 
Lane M, molecular s ize marker (100-bp ladder). Numbers be low each lane correspond to 
A R D R A pattern designations as used in Appendix 1. 
M 1+2 1+2 2 2 M 
Figure 3.2 The new restriction pattern Rsa\ 1+2 from group U54. 
Lane M, molecular Size marker (100-bp ladder). Numbers be low each lane correspond 
to A R D R A pattern designations. 
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3.2 DISCUSSION 
3.2.1 Merits and limitations of ARDRA method 
ARDRA is universally applicable (Vaneechouttte et al, 1992 and 1993; Jayarao 
“ a l , 1991 and 1992; Jawad et al., 1998b) since the primers used are 
complementary to well-conserved regions in the 16S and 23S rDNA regions o f 
the prokaryote genome. It is relatively technically less demanding than the 
sequence analysis o f 16S and 23S rDNA regions. The method just simply 
involves simple sample preparation (quick boil-lysis), PGR, restriction and 
agarose gel electrophoresis. Moreover, PGR applied in this method is less prone 
to contamination problems than that used for detection, because o f the large 
number of target molecules present initially. The restriction digestion o f the 
amplicons (PGR product), however, involves 5 endonucleases to yield restriction 
patterns for identification. This step is quite laborious and expensive. 
The reproducibility o f ARDRA can be expected to be high on theoretical grounds, 
since the technique makes use o f genetic information in a direct way. Intraspecific 
variability is expected to be low because o f the well-conserved region 
(Vaneechoutte et al., 1995a). The simple patterns (composed o f less than 10 
fragments) obtained allow for easier interpretation by visual comparison, without 
any expensive equipment and software, and also facilitate the reproducibility o f 
the method. 
ARDRA is the first choice for genomic species identification o f acinetobacters. In 
this study, all acinetobacters were identified to genomic species by A R D R A 
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firstly, and only A R D R A unclassifiable acinetobacters were selected for other 
more laborious taxonomic techniques such as tDNA fingerprinting and AFLP, 
and eventually D N A - D N A hybridization may be used for confirmation. 
So far, A R D R A can discriminate most genomic species including those included 
in the Acb complex, which are di f f icul t to identify phenotypically. The exceptions 
are genomic species 4，7 and 13BJ/14TU wi th the common profile 14122 or 
1412(2+3), 5 and 17 wi th profile 12123, and 10 and 11 wi th profi le 42123. 
Further analysis wi th the enzymes BsmaX and Bfa\ are required to differentiate 
the species wi th in these three clusters. 
Vaneechoutte et al (1992) mentioned that the technique has a drawback o f 
producing aberrant patterns possibly by a single extra restriction site. Such 
aberrant patterns have also been reported by Seifert et al (1997), for example, an 
aberrant 柳 1 pattern. 
The acinetobacters can be identified to genomic species ( D N A groups) by 
comparison wi th the existing profi le database (Appendix 2) comprising strains 
previously allocated to genomic species by D N A - D N A hybridization. However 
the possibil ity that isolates wi th the same A R D R A profile may belong to different 
genomic species has been suggested by Di jkshoom et al. (1998) and can not be 
ruled out. 
As mentioned in section 1.4.1，the existing A R D R A profi le database for 
classification is largely based on strains f rom European clinical origin. However, 
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acinetobacters can exist in a wide range o f ecological niches, and the genetic 
diversity o f the genus may not be adequately reflected in the present 
classification. 
In this study, I further explored the diversity o f Acinetobacter species by 
including isolates from fish, meat and hospital environments. It is expected that 
the percentage o f A U A was much higher for isolates from the natural 
environment -soil and raw food (35 to 48%). Table 3.5 shows that the percentages 
o f A R D R A unclassifiable acinetobacters (AUA) were found to be 15% to 19% 
for blood cultures, other clinical samples from Prince Wales o f Hospital and skin 
carriage study samples (Chu et al.，1999), and 14% for hospital environments. 
Over the study period o f clinical specimens (26* October - 6也 December, 1998)， 
acinetobacters were isolated from only 3 o f the 1272 patients admitted to the 4 
surgical wards in which environmental sampling was undertaken, and from 35 o f 
140 patients in the ICU. The environmental load in I C U was shown to be higher 
than in the 4 surgical wards. The presence o f a large number o f patients wi th risk 
factors and a high volume o f clinical activities together wi th other factors in the 
I C U could have contributed to the heavy load o f acinetobacters in the 
environment [Houang et al,，2000 (in press)]. 
The percentages o f A U A from the natural environments o f raw food and soil were 
found to be 47% and 35% respectively. The existing A R D R A profiles database 
based mainly on European clinical isolates is therefore not expected to cover the 
range o f strains from different geographical regions or different ecological sites. 
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3.2.2 Potential significance of the representative AUA groups 
The novel ARDRA profiles 35113 o f U l and 31313 o f U 2 have been reported in 
the study o f Di jkshoom et al (1998). In this study, these A U A (U1 and U2) 
were recovered from both clinical and natural environments while the 
unclassifiable acinetobacters with the same novel ARDRA profiles from Europe 
came from clinical environment only (Dijkshoom et al 1998). These 
unclassifiable strains with the same novel ARDRA profiles might be shown to be 
genotypically and phenotypically different from those o f known genomic species 
and therefore represent novel genomic species. Identification o f these 
unclassifiable strains to genomic species might help to elucidate their ecological 
and clinical roles in human pathology 
The results o f my characterization work indicates that some o f our unclassifiable 
isolates show similar genotypic and phenotypic characteristics wi th described 
genomic species and therefore their novel ARDRA profiles may be used to 
expand the existing database, such as 111(1+2)1 o f U54 and (l+5)/54211 o f U57. 
This may allow the ARDRA database more applicable to isolates from different 
ecological niches and other geographic regions. 
71 
CHAPTER 4 CHARACTERIZATION OF AUA BY tDNA 
FINGERPRINTING METHOD 
4.1 RESULTS 
4.1.1 Assessment of the reproducibility 
Complexity of tDNA fingerprint patterns 
The number o f bands generated within the size range between 50 and 821 bp 
varied from 12 to 20. Only fragments between 114 and 500 bp were included for 
cluster analysis because such band size selection was shown to have the best 
discrimination o f the known D N A groups o f the 34 hybridized reference strains 
(Table 2.2a). Also, on visual inspection there were only a l imited number of 
vague bands in the 500-821 bp size range. 
Reproducibility study 1: 
In this study, the level o f reproducibility was assessed by using the type strain 
Acinetobacter baumannii (DNA group 2) NCTC 12156? as the internal reference 
strain during each electrophoresis run. 
Intragel comparison: internal reference strain 
The intragel correlation levels o f the internal reference strain A. baumannii 
NCTC12156\ derived from four samples (generated from the same PGR run) 
being loaded onto 4 lanes o f the same gel, were found to be between 95.2 and 
98.4% in Figure 4.1a. 
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Pearson correlation (0pl:0.18%) (42.0%-91.4%) [99,8%-100.0%] 
tDNA t D N A 
....考....与...L 冬 ° 
G@Acinetobacter@tDNMe1 @031 12156 2 
！ G@Acinetobacter@tDNMe1 @011 12156 2 
； ‘ I G@Acinetobacter@tDNMe1 @006 12156 2 
I J G@Acinetobacter@tDNMe1 @016 12156 2 
Figure 4.1a Cluster analysis of tDNA fingerprints of the internal reference strain 12156 \ derived from four samples of 
the same gel for intragel comparison. The dendrogram was constructed using UPGMA. The scale displays the Pearson 
product-moment correlation coefficient in percentages shown above the dendrogram. 
Reproducibility study 2: 
Intergel comparison: (a) internal reference strain 
The intergel correlation o f the reference strain A. baumannii NCTC12156 丁 o f ten 
gels (a l , a2, e l , c l , c4, c5, c6, c7, c9, c l l ) , derived from 10 samples (generated 
from separate PCR runs) being loaded once onto each gel, was found to be 
approximately 80% in Figure 4.1b. 
Psarwn coralaton {42.0%-61,4%) |99.S%-100.%] 
tDNA tDNA 
‘-.玛 ^ 冬 , 
r I ; , G@Acinetobacter@tDNA#c6@010 12156 2 
I—— ‘ - I i G@Acinetobacter@tDN;«fc5@010 12156 2 
^ j I I I I i G@Acinetobacter@tDN;Wte1@016 12156 2 
I 『 i 丨 G@Acinetobacter@tDNA#c11@010 12156 2 
r j I I | [ i | G@Acinetobacter@tDN/y(te9@010 12156 2 
i • I G@Acinetobacter@tDNA#c7@010 12156 2 
I I G@Acinetobacter@tDNA#a1@030 12156 2 
I _ ‘ I j ‘： , j G@Acinetobacter@tDNA#e1@011 12156 2 
^ “ G@Acinetobacter@tDNA#c5@030 12156 2 
I h j G@Acinetobacter@tDNA#c1@010 12156 2 
‘ i I G@Acinetobacter@tDNA#c4@010 12156 2 
* 11 I ||| G@Acinetobacter@tDN;yta2@031 12156 2 
Figure 4 .1b Cluster analysis o f tDNA fingerprints of the internal reference strain 12156 \ derived from ten gel runs for 
intergel comparison. The scale represents the Pearson product moment correlation coefficient in percentages shown above 
the dendrogram. The dendrogram was constructed by UPGMA. 
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Reproducibility study 2: 
Intergel comparison: (b) reference strains derived from two separate gels 
The tDNA fingerprints o f the reference strains belonging to five D N A groups (3, 
7, 10, 12 and 15TU) each containing two strains, which were in duplicate and 
derived from two separate gels (al and a2) and two PGR runs, are shown in 
Figure 4.1c. The intergel correlation levels of two strains for D N A groups 3，7 
and 10 were found to be 85.6%, 87.5% and 87.3% respectively. The intergel 
correlation levels o f two strains for D N A groups 12 and 15TU were 94.4% and 
93.0% respectively. 
PMf«on corelation (OptO 42S) (42 丨牌 W-10.0%� 
tDNA tDNA 
i i . V ? ^ ¥ ^ ? ^ ? 
I I I I G@Acinetobacter@tDNA#a1@038 LUH 1090 15TU 
^ I G@Acinetobacter@tDNA#a2@038 LUH 1090 15TU 
_ G@Acinetobacter@tDNA#a1@039 LUH 1091 15TU 
； 画 G@Acinetobacter@tDNA#a2@039 LUH 1091 15TU 
p [ G@Acinetobacter@tDNA#a 1 @006 RUH 2204 3 
I G@Acinetobacter@tDNA#a1@007 RUH 502 3 
I r G@Acinetobacter@tDNA#a2@007 RUH 502 3 
G@Acinetobacter@tDNA#a2@006 RUH 2204 3 
r G@Acinelobacler@tDNA#a2@019 RUH 2223 10 
I j G@Acinetobacter@tDNA#a2@018 RUH 2222 10 
I I G@Acinetobacler@tDNA#a 1 @018 RUH 2222 10 
1 G@Acinetobacter@tDNA#a 1 @019 RUH 2223 10 
r G@Acinetobacler@tDNA#a2@015 RUH 2232 7 
L j ： I G @ A c i n e t o b a c t e r @ t D N A # a 2 @ 0 1 4 RUH 2855 7 
I r i G@Acinetobacter@lDNA#a1@014 RUH 2855 7 
G@Acinetobacter@tDNA#a1@015 RUH 2232 7 
_ r I G@Acinetobacter@lDNA#a1@023 RUH 2226 12 
G@Acinetobacter@tDNA#a1@024 RUH 2865 12 
r G@Acinetobacter@tDNA#a2@024 RUH 2865 12 
j G@Acinetobacler@tDNA#a2@023 RUH 2225 12 
Figure 4.1c Cluster analysis of tDNA fingerprints of 5 DNA groups each containing 2 reference strains derived from 2 
separate gels. The dendrogram was constructed by UPGMA. The scale represents the Pearson correlation coefficient in 
percentages shown above the dendrogram. 
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4.1.2 Construction of the database with the reference strains 
Thirty-four Acinetobacter reference strains (Table 2.2a excluding the reference 
strain A. baumannii NCTC 12156), representing 18 D N A groups were used. A l l 
D N A groups were represented by two strains, except D N A groups 6 and 11, 
which were represented by one strain only. 
A t a cluster-delineating level o f 80% as indicated by an arrow, ten clusters ( I -X) 
were distinguished in the dendrogram (Fig 4.2 b). 
DNA groups clearly distinguished at 80% cluster-delineating level 
A t 80% cut-of f level, clusters containing only one D N A group clearly 
distinguished included I，V，VI, I X and X . Their corresponding D N A groups and 
similarity were 12 (99.0%), 15TU (87.2%), 10 (99.7%), 8/9 (92.4%) and 7 
(99.1%) in Figure 4.2a and 4.2b. Also, D N A groups 11 and 6 each containing 
only one strain could be distinguished. 
DNA groups not distinguished at 80% cluster-delineating level 
Strains belonging to D N A groups 1,2, 3 in Acb complex, D N A groups 4 & 5 and 
the recently described groups，13TU, 13BJ/14TU, 14BJ, 15BJ, 15TU, 16 and 17 
could not be discriminated at 80% cut-of f level in Figure 4.2a and 4.2b. They 
grouped w i th other D N A group strains together in clusters including II，III, IV，V 
and V I I I , resulting in clustering patterns not corresponding to their D N A groups. 
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PMfson correlation (0pt:0.33%) [42.0%-91,4%] [99.S%-100 0%] 
tDNA tDNA 
. . . r J ? .. ？ . I? § 
RUH 2865 12 
“ i RUH 2225 12 
；！ ！ 
I I I I RUH 2860 11 
I j ！ RUH 2867 6 
J i j： LUH 1718 13BJ/14TU 
_ ‘ ‘ — — I LUH 1727 14BJ 
—— j LUH 1730 15BJ 
LUH 1729 15BJ 
] I j LUH 1731 16 
~ LUH 1735 17 
~ j LUH 1732 16 
厂 _ I I 11 II I i _55 4 
I 1 RUH 2213 4 
I ij I RUH 2208 5 
‘ ‘‘ RUH 204 5 
i . RUH 2216 13BJ/14TU 
LUH 1726 14BJ 
I LUH 1736 17 
I n LUH 1091 15TU 
i LUH 1090 15TU 
RUH 2222 10 
“ ： RUH 2223 10 
RUH 2210 13TU 
I I j i RUH 2041 13TU 
r RUH 872 2 
I" RUH 2207 2 
I RUH 2204 3 
i RUH 2203 1 
RUH 502 3 
i I RUH 584 1 
i j | | | | RUH 551 8/9 
I RUH 2219 8/9 
「 ！ I RUH 2855 7 
- ‘ RUH 2232 7 
Figure 4.2a Cluster analysis o f tDNA fingerprints of 34 Acinetobacter reference strains belonging to 18 D N A groups 
and the dendrogram constructed by UPGMA. The scale represents Pearson moment correlation in percentages shown 
above the dendrogram. 
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Pearson correlation (0pt:0.33%) [42.0%-91.4%] [99.8%-100.0%| 
tDNA 胃 
• Cluster 
p S K S S ^ f e g S s s i 
1 1 I 1 I I 1 ' l�—l一L-L^丄丄」1 1 1 1 ! 丄 ； lJ 丄 J 





15BJ (2) II 
16(2) 
1 7 ( 1 ) 




^ J 1 7 ( 1 ) 
15TU (2) V 
0 10(2) VI 




J 3 ( 1 ) V I I I 
1 
8 /9 (2) IX 
^ 7 (2) X 
Figure 4.2b Dendrogram constructed by UPGMA cluster analysis of tDNA fingerprints from 34 Acinetobacter reference 
strains belonging to 18 DNA groups. Vertex of triangle indicates average similarity value of the cluster. The scale 
represents the Pearson moment correlation coefficient shown above the dendrogram. The arrow refers the duster-
delineating level of 80%.The figure in parenthesis stands for no. of reference strains in the cluster. 
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Strains not discriminated clearly by their tDNA fingerprint patterns 
Eight DNA groups each having two strains clustered at similarity over 90% are 
listed in Table 4.1. 
Table 4.1 DNA groups with strains clustering at similarity over 90% based on tDNA 
fingerprints 
DNA group Species name No. of strain Similarity (%) 
A. baumannii 2 99.31 
4 A. haemolyticus 2 90.53 
5 A. junii 2 92.97 
7 A. johnsonii 2 99.0 
8/9 A. Iwoffii 2 91.0 
10 2 99.73 
12 A. radioresistens 2 99 0 
13TU 2 ^ 
4.1.3 Characterization of the representative AUA groups 
Attempts to characterize the five representative A U A groups by comparing their 
tDNA fingerprint profiles with the reference strain database were made. 
(i) AUA group U1 
Figure 4.3a shows that the 9 epidemiologically apparently unrelated U1 isolates 
(eight from different types of vegetables and one from blood culture, see Table 
3.7) grouped into one big cluster I at similarity of 83.5%. The remaining two 
isolates (CUHK 3539 and 7601 from sputum and soil respectively) were linked at 
a relatively low linkage level (<80%) and regarded as outsiders. Thus, the 
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vegetable isolates were linked at a higher similarity than the other clinical and 
soil isolates. 
When compared with the reference strains, the 8 vegetable and one blood culture 
isolates o f cluster I (Figure 4.3b) grouped together at a similarity o f 91.3% on a 
distinct-outliner branch. The two outsiders from sputum and soil l inked at other 
D N A groups below 50% similarity (Figure 4.3b). 
P"non eoiraibon (Opt011%)(42.0%-914%]|999%.|00 0%| 
tDNA 
I I II I I 7601 Ul Outsiders 
‘ i i I i I 3539 Ul 
r I I I i I 7020 Ul 
p - f - 7024 Ul 
L i i I { I I 1 7008 Ul Cluster 
「 「 I 7034 Ul I 
_ _ • 7019 Ul 
‘ 7005 Ul 
_ _ p i “ {： I ； ：：1 m 7029 Ul 
‘― I 1 7044 Ul 
M i M Ul 
Figure 4.3a Cluster analysis of tDNA fingerprints generated from 11 group Ul isolates originating from a variety of 
vegetables, blood culture samples and soil. The scale represents the Pearson product moment correlation coefficient in 
percentage shown above the dendrogram. 
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Pearson rarebtai (0pl:0.18%) [42 0%-914%1 [99.8%'100.0%] 
tDNA tDNA 
. ? ？ ？ g ？尹 § 
I RUH 2865 12 
—— ‘ ‘ I ； RUH 2225 12 
— { I I RUH 2860 11 
j I RUH 2867 6 
J— LUH1718 13BJ/14TU 
「 " ^ I LUH 1727 14BJ 
「 ^~ I I 1 LUH 1730 15BJ 
[ _ | L U H 1729 15BJ 
‘ ~ j I LUH 1731 16 
I LUH 1735 17 
~ ^ I j LUH 1732 16 
厂 r H ~ I ！ i I I I I R U H 5 5 4 
‘ I I J RUH 2213 4 
I N I RUH 2208 5 
i : j 
I RUH 204 5 
_ r 1 1 1 RUH 2216 13BJ/14TU 
^ I LUH 1726 14BJ 
~ j I i I LUH 1736 17 
I I 咖 Wa LUH 1091 15TU 
‘ I I I LUH 1090 15TU 
I RUH 2222 10 
‘ RUH 2223 10 
I j RUH 2203 1 
一 ——’ I RUH 502 3 
I I I RUH 584 1 
r I i i I I RUH 2855 7 
I RUH 2232 7 
‘ ^ RUH 872 2 
1 RUH 2207 2 
r 1 RUH 2210 13TU 
^ I I I j 11 RUH 2041 13TU 
I I RUH 2204 3 
P i I || l l f l l l l ： RUH 551 8/9 
~ 1 I I I： ‘ RUH 2219 8/9 
I I I I I 3539 U1 Outsiders 
i f | 7601 U1 
r i| I I ' I 7029 U1 
7044 U1 
「 r 7020 U1 
L L 丨 7024 U1 
,’ L 1 . I I I _ i t : 7008 U1 Cluster I 
I 7034 U1 
� • I 7019 U1 
L L 7005 U1 
L 1 t i " I I 4321 U1 
Figure 4.3b. Cluster analysis of tDNA fingerprints generated from group U1 isolates and 34 reference strains The scale 
represents the Pearson product moment correlation coefficient in percentage shown above the dendrogram. 
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(ii) AUA group U2 
Nine epidemiologically apparently unrelated U2 isolates, came from skin carriage, 
clinical and soil samples (Table 3.7), fel l into two clusters (I - I I ) wi th similarity 
o f 88.0% and 82.3% respectively. The remaining isolate 7611 from soil clustered 
wi th others at similarity lower than 80% in Figure 4.4a. 
When compared w i th reference strains, they grouped together in two clusters ( I - I I ) 
in Figure 4.4b，and the results are summarized in Table 4.2. 
Table 4.2 Summary of cluster analysis results o f U 2 isolates based on tDNA fingerprints 
CUHK isolates 
Cluster m 7m3 295，428，3088， 
3244，4319, 4345 
Within cluster ‘ ‘ 
> 8 0 % s i m i l a r i t y “ 丨丨 丨 Outsider 
Cluster linked with II I I II 
D N A groups at 3, 13TU, outliner branch Outliner branch 3, 13TU,15TU 
(S imi lar i ty /o ) 15TU (<25%) (<25%) (63.24%) 
(63.24%) 
Pearson correlation (0pt:0,11%) (42 0%-91.4%) (99 8%-100.0%| 
tDNA tDNA , 
訓 A cluster 
g g s s a i 
1 一 ^ ^ • I " 1 U 695 U2 口 
I I I I 匪 7013 U2 
p 4 3 1 9 U 2 
P—p- ii : 4345 U2 
「 尊 I I 11 i i i i I 3088 U2 I 
「 I 1 3244 U2 
j 295 U2 
4 2 8 U 2 
1 I I I I I 7611 U2 , 
Figure 4.4a Cluster analysis of tDNA fingerprints generated for the 9 gro叩 U2 isolates recovered from vegetables soil 
clinical specimens and the skin carriage study. The dendrogram was constructed by UPGMA. The scale represents the 
Pearson moment correlation coefficient in percentages shown above the dendrogram. 
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Pvanon corvlabon (OptO 18*) (42 0*^1 4H) [M«%-100%] 
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‘ RUH 204 5 
_ r RUH 2216 13BJ/14TU 
I ~ ^ I L U H 1726 14BJ 
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I [ j RUH 2222 10 
‘ RUH 2223 10 
r I ‘ I I RUH 2855 7 
I" I RUH 2232 7 
r I 丨 RUH 872 2 
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j I I j I RUH 584 1 
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‘ j RUH 2219 8/9 
I I I I RUH 502 3 I 
I i { I II I 7611 U2 
II： i i m 山 H 1091 15TU 
I 1 I LUH 1090 15TU U 
j RUH 2210 13TU 
I I RUH 2041 13TU 
f 695 U2 
I RUH 2204 3 
I 295 U2 
: I 7013 U2 
I r 4319 U2 I 
pP- j| ； 4345 U2 
「 1 I ！ I m i i Ii 3088 U2 
“ “ ~ I 428 U2 
( M \ ll 02 
Figure 4.4b Cluster analysis of tDNA fingerprints generated from 9 group U2 isolates and 34 reference strains. The 
dendrogram was constructed by UPGMA. The scale represents the Pearson moment correlation coefficient in percentages 
shown above the dendrogram. 
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(iii) AUA group U19 
Five epidemiologically apparently unrelated U19 isolates from skin carriage, 
clinical and hospital environmental samples (Table 3.7) fell into two clusters (I 
and I I) wi th similarity o f 87.4% and 92.9% respectively with isolate 681 from 
skin carriage as an outsider in Figure 4.5a. 
When compared wi th the reference strains, they fell into three clusters (Figure 
4.5b) and the results are summarized in Table 4.3. 
Table 4.3 Summary of cluster analysis results of U19 isolates based on tDNA 
fingerprints 
‘ CUHK isolates 
Cluster s m m W i m 
> 80% similari ty 
Within cluster I II outsider 
Cluster linked with I “ "I 
D N A groups at 蘭 ’ 顺 & 1 7 H (80%) 12(66%) 
(similarity %) (67%) other genomic groups (< 73%) 
Pearson correlation (0pt:0.18%) (42.0%-91.4%] [99.8%-100 0%) 
tDNA tDNA Cluster 
—— ； I 951 U19b 
—— ！ 937 U19a ” 
I I 681 U19b , 
_ r I I 3268 U19a 
‘“ 8405 U19a 
Figure 4.5a Cluster analysis of tDNA fingerprints generated from the 5 group U19 isolates originated from the skin 
carriage study, clinical specimen and hospital environment. The dendrogram was constructed using UPGMA. The scale 
represents the Pearson moment correlation coefficient in percentage shown above the dendrogram. 
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F i g u r e 4.5b Cluster analysis of tDNA fingerprints generated from 5 group U19 isolates and 34 reference strains of 18 
DNA groups. The dendrogram was constructed using UPGMA. The scale represents the Pearson moment correlation 
coefficient in percentage shown above the dendrogram, 
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(iv) AUA group U54 
Figure 4.6a shows that the 11 epidemiologically apparently unrelated U54 
isolates，recovered from different types o f cl inical specimens and patients (Table 
3.7), grouped together at a similarity o f 79.2%, in which 10 isolates (except 3216) 
l inked at higher similarity o f 88.2%. 
In the combined dendrogram Figure 4.6b, they clustered together at a higher 
similarity o f 93.3%, and l inked w i th D N A groups 13TU and 3 at similarity o f 
80.9 and 67.6% respectively as encircled by two arrows. 
Peartoo correlation [42.0%-91 4%] [96.8%-100.0%] 
"NA J ^ 
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1 r 3125 U54 
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——r , • • I I I 3079 U54 
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丨 3120 U54 
» j = 3126 U54 
Figure 4.6a Cluster analysis of tDNA fingerprints generated from the 11 group U54 isolates, all recovered from different 
types of clinical specimens forming one homogenous cluster. The dendrogram was constructed using UPGMA The scale 
represents the Pearson moment correlation coefficient in percentages shown above the dendrogram. 
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Figure 4 6b The combined UPGMA cluster analysis of tDNA fingerprints generated from the group U54 isolates 
(enaycled by two arrows) and 34 reference strains of 18 DNA groups. The scale represents the Pearson moment 
correlation coefficient in percentages shown above the dendrogram. 
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(v) AUA group U57 
Figure 4.7a shows that the 3 U57a and 2 U57b epidemiologically apparently 
unrelated isolates, all recovered from fish and pork (Table 3.7)，grouped together 
in cluster I wi th a similarity o f 84.5%. Isolate 7538 remained unclustered at 80% 
similarity as shown by an arrow. 
When compared with the reference strains, the U57 isolates o f cluster I linked 
wi th two DNA group 7 strains at a similarity of 81.0%, and also linked to two 
D N A group 8/9 strains at a similarity o f 60.0%. In contrast, isolate 7538 (the 
outsider) linked with strain RUH 502 o f D N A group 3 at the 84.2% similarity as 
shown by an arrow in Figure 4.7b. 
Pwraon correlation (0pt:0.18%) [42.0%-91,4%| [99 8%-100 0%] 
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I 1 7539 U57a| 
“ 7547 U57a 
( M l 7541 U57b I 
I 7521 U57b 
7532 U57a 
7538 U57b 
Figure 4.7a Cluster analysis of tDNA fingerprints generated from 6 group U57 isolates originated from fish and pork 
The dendrogram was constructed using UPGMA. The scale represents the Pearson moment correlation coefficient in 
percentages shown above the dendrogram. 
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Fj^ure 4.7b UPGMA combined cluster analysis of the U57 isolates and 34 reference strains belonging to 18 DNA groups 
Die scale represents the Pearson moment correlation coefficient in percentages shown above the dendrogram. 
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4.2 DISCUSSION 
4.2.1 Evaluation of the reproducibility and discriminatory power 
Reproducibility 
Intragel comparison 
The intragel correlation o f the internal reference strain A. baumannii 
NCTC12156T obtained is acceptable, that is 95.2% for 4 samples, all generated 
from the same PCR run (Figure 4.1a). 
Intergel comparison 
The intergel correlation o f the internal reference strain, derived from ten separate 
gels and PCR runs, was only about 80%. The intergel correlation levels for 
reference strains o f D N A groups 3’ 7，10, 12 and 15TU, derived from two 
separate gels and PCR runs ranged from 85.6% to 94.4% (Figure 4.1b). This 
indicates that the reproducibility o f the method seemed to be more acceptable 
when a small number o f gels was compared but became less acceptable for a 
large batch o f isolates in a greater number o f gel runs ( 10) and separate PCR 
runs. 
Two factors contributing to this low intergel correlation obtained from a large 
number o f gel runs are :(i) variations in background intensities and 
electrophoretic conditions for the separate gels could introduce differences in the 
correlation values between samples, even after normalization and background 
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subtraction, (i i) since only an average of 15 fragments between 50 and 821 bp 
were generated by the tDNA fingerprinting analysis, one or two band differences 
may cause significant change in the correlation levels between fingerprint 
patterns. 
The PGR based fingerprinting methods have been used successfully for 
classification of Acinetobacter species (Wiedmann-Al-Ahmad et al, 1994; 
Nowak et al, 1995; Nowak and Kur, 1995; Ehrenstein et al.’ 1996). However, 
the reproducibility of PCR-based D N A fingerprinting has been questioned 
(Wiedmann-Al-Ahmad et aL, 1994; van Belkum, 1996; Grundmann et al； 1997; 
Tyler et al., 1997) because o f the relatively low annealing temperatures used in 
the amplification. Although in theory, tDNA fingerprinting is less arbitrary, 
primers specific to consensus tRNA sequences may still bind nonspecifically to 
the template DNA. tDNA fingerprinting is therefore subject to all the problems 
wi th regard to reproducibility that are known to occur wi th methods that use 
arbitrary primers (Tyler et al., 1997). This is revealed in this study by low 
intergel correlation obtained from the internal reference strain derived from 
separate PGR runs since the annealing temperature o f 50。C used in amplification 
may allow mismatches to occur. This chosen annealing temperature is based on 
the t D N A fingerprinting studies o f Acinetobacter species by Wiedmann-Al-
Ahmad et al (1994) and Ehrenstein et al (1996). 
Several recent reports have outlined the numerous factors that may influence the 
reproducibility o f PCR-based D N A fingerprinting techniques and make 
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interlaboratory comparisons di f f icul t i f not impossible (Tyler et al, 1997，van 
Belkum et al, 1995). Grundmann et al. (1997) suggested that independently 
produced PGR fingerprint patterns can be obtained reproducibly at the practical 
level i f ( i) quality-controlled reagents, ( i i ) standardized extraction o f D N A and 
( i i i ) standardized amplif ication conditions are used. 
# 
I n this study, a high degree o f reproducibil i ty o f t D N A fingerprint profiles could 
not be achieved for samples derived f rom separate PGR runs and a large number 
o f gel runs. The low intergel correlation as a result o f insufficient standardization 
o f the procedure and reagents therefore can not be ruled out completely. 
Discriminatory power 
The cluster analysis (Figures 4.2a and 4.2b) o f the 18 D N A group reference 
strains (Table 2.1) reveals that t D N A fingerprinting showed a better 
discrimination o f certain D N A groups. Only D N A groups 6 ( A junii), 7 (A. 
johnsonii), 8/9 {A. Iwoffii), 10，11, 12 {A. radioresistens) and 15TU were 
distinguished clearly at cluster-delineating level o f 80%. This cluster-delineating 
level o f reference strains used in this study is similar to that (75%) in the study o f 
Ehrenstein et aL (1996). 
However, t D N A fingerprinting showed insufficient discrimination for A. 
calcoaceticus-A. baumannii (Acb) complex and the more recently described D N A 
groups 13BJ to 15 BJ, 16 and 17, and 4 and 5 as they could not be distinguished 
at the 80% cut-of f level (Figure 4.2a and 4.2b). These results are similar to the 
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Study results reported by Ehrenstein et al. (1996), except for DNA groups 4 and 5. 
The more recently described groups (hemolytic groups) of BJ13 to BJ17 were 
shown to be closely related by their tDNA fingerprints (Figure 4.2b) as their 
indistinguishable phenotypic characters (Bouvet and Jeanjean, 1989). 
One should be mindful that a limited number of strains (1 to 2) were available for 
each o f these DNA groups, and the inclusion of DNA groups of only a small 
number of strains may give rise to statistical variations in the cluster analysis. 
More strains of each DNA group should therefore be included to show the 
variability within the species in order to assess the quality of the method in future. 
Inability to type strains 
Table 4.1 reveals the relatively high correlation (>90%) obtained for the 
reference strains belonging to the same D N A group, validating the inability o f 
tDNA fingerprinting to differentiate at strain level. The results support the fact 
that tDNA fingerprinting method measures DNA relatedness at the species or 
genus level (Welsh and McClelland, 1991). 
4.2.2 Possible genospeciation of the representative AUA groups 
In this study, the A U A groups were compared in two ways, including the 
comparison o f isolates within the same A U A group and comparison of each 
A U A group with the reference strains. 
First, the results of comparison of A U A isolates among themselves based on their 
tDNA fingerprints are summarized in Table 4.4. 
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Table 4.4 Comparison of isolates within the same A U A group by tDNA fingerprinting 
method 
AUA group (No. of isolates) 
u l U2 U19a U19b 054 U57a U57b 
(11) (9) (3) (2) (11) (3) (3) 
Cluster on their own f ^ 1~(2) 1(11) f ^ 
> 80% similarity II (2) II (2) 
(No. of related isolates ) 
Outsider(s) 2 1 i 1 
Table 4.4 reveals that t D N A fingerprinting method clustered isolates o f the same 
A U A group into different groups w i th the exception o fU54 . The isolates in these 
A U A groups were related genotypicaily in a way, which differed from their 
A R D R A profiles. In 1998, Di jkshoom et al reported two strains, not yet 
classified to any D N A groups by D N A - D N A hybridization, had an A R D R A 
profi le corresponding to D N A group 15BJ. Therefore the possibil ity that isolates 
wi th the same A R D R A profiles may belong to different D N A groups cannot be 
ruled out. 
In this study，the common clustering approach - U P G M A was used, which 
calculates a matrix o f similarities between every pair o f isolates, and produces a 
dendrogram from the matrix. For an A U A group, differences in correlation levels 
o f isolates are expected between comparisons among themselves and 
comparisons wi th reference strains. For example, 4 group U57 isolates (7521, 
7532，7539 and 7547) had a similarity o f 85.0% in Figure 4.7a but a relatively 
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lower similarity (78.0%) when compared with the reference strains together 
(Figure 4.7b) or vice versa for 11 U54 isolates. 
Also, Ehrenstein et al. (1996) mentioned that the degree o f similarity expressed 
in the dendrograms cannot be regarded as absolute, since subtle variations in the 
fluorescence data contribute to the results calculated by the computer. They also 
suggested that improvements in the standardization of the PCR reagents and a 
more accurate pattern alignment between different gels wi th the use o f advanced 
decision algorithms may overcome this flaw. This problem may also explain the 
low intergel correlation obtained in this study. 
When compared with tDNA fingerprint reference database, group U54 isolates 
were related genotypically to the D N A group 13TU, and U57 (except isolate 
7538) to D N A group 7. Another three A U A groups ( U l , U2 and U19) were 
unrelated to any known D N A groups, and thus may represent new yet 
undescribed D N A groups. 
AUA groups probably related to known DNA groups 
Group U54 
Eleven epidemiologically apparently unrelated U54 isolates, recovered from 
different types o f clinical specimens, were related to two 13TU reference strains 
wi th similarity above the cut-off level in Figure 4.6b. 
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Group U57 
The 5 epidemiologically apparently unrelated U57 isolates, recovered from fish 
and pork, were related genotypically to two D N A group 7 strains with similarity 
above the cut-off level with the exception o f isolate 7538 (from pork), which was 
related to D N A group 3 in Figure 4.7b. 
AUA groups unrelated to any known DNA groups 
Group U1 
The 8 vegetable and one blood culture (Table 3.7) epidemiologically apparently 
unrelated isolates of cluster I were genotypically unrelated to any known D N A 
groups wi th linkage levels below the cut-off level (Figure 4.3b). Excluding the 
two outsiders, these 9 U1 isolates grouped together as a distinct-outliner branch 
may represent a new yet undescribed D N A group of Acinetobacter. And the two 
outsiders (isolates 3539 and 7601 from sputum and soil) were also genotypically 
unrelated to any known DNA groups. 
Group U2 
Table 4.3 reveals that the 9 U2 epidemiologically apparently unrelated isolates 
recovered from a variety of sources (Table 3.7) could not be characterized as 
their linkage levels wi th other D N A groups were all below the cut-off level. The 
7 U2 isolates from clinical specimens, skin carriage and soil samples o f cluster I I 
in Figure 4.4b grouped together as an outliner branch, may represent a new yet 
undescribed D N A group. 
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AUA group U19 
The 3 U19 epidemiologically apparently unrelated isolates (681, 3268 and 8405) 
from skin carriage, clinical and hospital environmental samples (Table 3.7) were 
unrelated to any known D N A groups wi th linkage levels below the cut-off level 
(Table 4.3). Isolates 937 and 951 from skin carriage samples of cluster I I in 
Figure 4.5b might be related to D N A group 11 wi th the linkage level just above 
the cut-off level but also linked to other D N A groups. 
4.2.3 Merits and limitations 
In general, tDNA fingerprinting technique is superior in its simplicity and its 
general applicability to a wide range o f bacteria (Welsh and McCelland, 1991). 
tDNA fingerprinting analysis can be carried out wi th much less cell material, and 
the results can be obtained faster compared wi th other nucleic acid techniques 
because the D N A template is prepared by a simple boi l ing method. Direct 
amplification o f the spacer regions between the tRNA consensus gene cluster 
results in a discriminatory tDNA fingerprint profile that does not require any 
ftirther processing o f the PGR products. Also, the fingerprint analyses can be 
performed with an automated fragment detection system (ALFexpress), making 
use o f its inherent benefits i.e. the superior resolution and the automated 
electronic storage o f data (Gnmdmann et al., 1995; Webster et al., 1996). 
Cluster analysis o f 34 reference strains belonging to 18 D N A groups (Figure 4.2a 
and b) showed a clear overlap in linkage levels o f some D N A groups despite the 
high cluster-delineating level o f 80%, which was used in this study. It had low 
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discrimination for the DNA groups 1，2, 3 and 13TU in Acb complex, DNA 
groups 4 and 5 and the recently described D N A groups 13BJ to 15 BJ, 16 and 17. 
The results indicate that tDNA is o f l imited value for identification strains to 
genomic species, although some D N A groups can be discriminated properly. 
tDNA fingerprinting method could be the method o f choice when differentiating 
a large number of Acinetobacter isolates at the species level, provided that its 
reproducibility has been improved. 
The reproducibility of tDNA fingerprinting can be improved at the practical level 
by using: (i) standardized PCR reagents (quality controlled), (i i) standardized 
amplification conditions as suggested by Grundmann et al. (1997), 
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CHAPTER 5 CHARACTERIZATION OF AUA BY 
FLUORESCENT AMPLIFIED FRAGMENT 
LENGTH POLYMORPHISM METHOD (FAFLP) 
5.1 RESULTS 
5.1.1 Assessment of the robustness and reproducibility 
Complexity of FAFLP fingerprint patterns 
On average, 40 fragments o f sizes between 50 and 1000 bp were generated from 
the Acinetobacter genomes in this study using the described protocol. However, 
only fragments within the size range between 50 to 500 bp were selected for 
cluster analysis. By visual inspection this zone showed a number o f bands 
sufficient for discrimination, whereas in the 500-1000 bp size range there were 
only a limited number of vague bands. Also, this zone showed the best 
discrimination o f the hybridized reference strains o f the known D N A groups 
(Table 2.2b). 
Robustness study 1: 
The robustness o f the method was assessed by determination o f the effect o f 
sample loading, D N A extracts and PCR fidelity. 
Effects o f different sample loading sizes 
The choice o f restriction enzymes and primer sequences, and concentration o f 
purif ied genomic D N A for restriction and ligation were based on the preliminary 
results obtained by Dikjshoom et al, Leiden University Medical Center (see 2.8), 
who used restriction enzymes and adaptors o f Janssen et al. (1997) wi th 
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adaptation for use on the A L F express. The concentration o f genomic D N A 
preparation (about 0.5 |ig) had been checked by visual comparison wi th the 
intensity o f known concentrations o f ADNA by agarose gel electrophoresis (2.8). 
Only the effect o f PGR sample loading was assessed in this project. 
The denatured samples, derived from two strains (RUH 944 o f D N A group 1 and 
R U H 875 o f D N A group 2), were loaded into a sequencing gel in four different 
amounts，starting from 8 |li1, 6 4 |li1 to 2 After normalization and 
background subtraction, FAFLP fingerprints o f all the four loading sizes o f strain 
R U H 944 were similar wi th a correlation level o f 96.0% (Figure 5.1a-l) 
suggesting sample loading size may not be as critical as originally thought. 
Figure 5.1a-2 shows the overview o f gel images o f these eight samples: R U H 944 
samples in lanes 1 to 4 and R U H 875 samples in lanes 5 to 9 wi th loading sizes 
from 8 III, 6 fal, 4 to 2 [i\ respectively. ' M ' in lanes 5 and 10 refers to the 
molecular size marker o f 50 bp. This figure illustrates the overloading wi th 
sample sizes 8 ^il and 6 |li1 as the bands obtained were too dark and dif f icult to be 
distinguished whereas loading sizes o f 4 |li1 and 2 | i l were better resolved. 
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Robustness study 2: 
Effect o f different genomic D N A extractions and PGR fideli ty 
Isolate 7532 (U57a) and reference strain R U H 2862 ( D N A group 12) were 
chosen to study the effect o f D N A extracts on FAFLP profiles. Two extracts o f 
each strain were performed on two consecutive days. The second extract was 
marked wi th asterisk for the purpose o f easy identification. Their PGR were also 
prepared in two separate batches. The correlation level o f isolate 7532 samples 
prepared from the two different D N A extracts was found to be 93.7% (Fig 5.1b-
1)，and for strain R U H 2862 was 88.4 % (Figure 5.1b-2). 
Pearson correlation (0pt:0.23%) (9.9%-96.7%l 
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V V ^Juster analysis of FAFLP fingerprints from isolate 7532 (AUA group 57a), prepared from two separate 
extracts. The scale represents the Pearson correlation coefficient in percentages shown above the dendrogram 
Dendrogram was constructed by using UPGMA. 
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^N/^ extracts. The scale represents the Pearson correlation coefficient in percentages shown above the dendrogram 
Dendrogram was constructed by using UPGMA. ^ 
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Reproducibility study 1 - intragel comparison 
Intragel comparison: a) the internal reference strain 
In this study, after normalization with external markers and subtraction of 
background values, the intragel correlation level of the internal reference strain 
RUH 944’ derived from two samples in the same gel (lane 16 and 39) was found 
to be 94.0% (Figure 5.1C-1). 
PMrson correction (0pl:0.16%) |9.%-96.7%) 
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f gure 5.1C-1 Cluster analysis o f FAFLP fingerprints from the internal reference strain RUH 944 (DNA group 1) 
I Z i T T samples 丨n the same gel. The scale represents the Pearson correlation coefficient in pe centagfs shown 
above the dendrogram. Dendrogram was constructed by using UPGMA. ^ 
Intragel comparison: b) intrapatient variation 
Two epidemiologically related isolates 3268 and 3277 from a single patient had a 
similarity o f 86.0% when both were loaded in the same gel (Figure 5.1c-2). They 
were recovered from tracheal aspirate samples of the same patient but at different 
times (7 and 16 of December 1998). 
Pearson correlation (0pt:0.23%) [9.9%-96.7%] 
AFLP AFLP 
^ ^ S ° ； 
j II Illlll I l l l l l G@Acinetobacter@aflp1#18@029 3277 U19a 
‘ ' I I i l l I I I I G@Acinetobacter@aflp1#18@028 3268 U19a 
Figure 5.1C-2 Cluster analysis o f FAFLP fingerprints from two epidemiological related strains of U19a The scale 
represents the Pearson correlation shown above the dendrogram. The dendrogram was constructed by l ^ ^ l ^ A 
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Reproducibility study - intergel comparison 
Intergel comparison: a) the internal reference strain 
The reproducibil ity o f the FAFLP method was assessed by the intergel 
correlation o f 7 samples o f the internal reference strain R U H 944, prepared f rom 
the same D N A preparation but separate PCR runs, which were loaded each on the 
7 gels (no. 15 to 21), and the intergel correlation was found to be 87.0% (Figure 
5.1e-l). 
Psarson correlation (0pt:0.16%) [9 9%-96 5%) 
AFLP AFLP 
考...琴...与...寻.，.考,..导...琴 
I I I III III lllllll III G@Acinetobacter@aflp1#19@011 RUH 944 1 
I I I I I I I I I l l l l l l l J G@Acinetobacter@aflp1#21 @033 RUH 944 1 
[ ‘ I l l ' l I ]' | j i 通齒.j I G@Acinetobacter@aflp1#18@038 RUH 944 1 
I i J j II III H I G@Acinetobacter@aflp1#17@011 RUH 944 1 
n I Ii I I I I I I I I I I 1 I I I I { j G@Acinetobacter@aflp1#20@016 RUH 944 1 
j 丨 I I I II I I I II I G@Acinetobacter@aflp1#15@019 RUH 944 1 
I I I j I里 i j j i i l •馳 G@Acinetobacter@aflp1#16@028 RUH 944 1 
Figure 5 .1d- l Cluster analysis of FAFLP fingerprints from the internal reference strain RUH944 (DNA groups 1), 
derived from seven separate gels. The scale represents the Pearson correlation coefficient in percentages shown above the 
dendrogram. The dendrogram was constructed by using UPGMA. 
Reproducibility study 2 
Intergel comparison: b) three D N A group reference strains 
The samples were prepared from the same D N A preparation but separate PCR 
runs for the same reference strain. Figure 5.1e-2 shows FAFLP fingerprints o f 
D N A groups 3, 10 and 13 T U each containing two strains in duplicate or 
triplicate and derived from two to three separate gels. The intergel correlation 
levels o f two strains belonging to D N A group 3，derived from 3 separate gels 
(no. 15, 16, 19), were found to be 86.1% and 90.3%. The intergel correlation o f 
two strains belonging to D N A groups 13TU, derived f rom three separate gels 
(no. 17，19, 21), were 84.2% and 86.1%. The intergel correlation o f two strains 
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belonging to D N A groups 10, derived from two separate gels, were 94.0% and 
94.2% respectively. 
Pearion cerelalwn (OpCO 23%) {9 9V96 7%| 
AFLP 
S i .‘ 
_ p II I I I I I Ii nil II n i l III II G@Adnetobacter@aflp1#15@023 RUH2206 3 
..H I I II I mill II 111 III n G@Adnetobacter@anp1#16@032 RUH2206 3 
N ii I I I I i II Hi I B 1 1 1 I i JIU G@Adnetobacter@aflpl#19@019 RUH2206 3 
I I M l I I I I 1 1 i | [ I l i l 1 1 I G@Acinetobactereaflp1#15@024 RUH 1163 3 
I I I 1 I I l l i I l l i 誦 I • G@Acinetobacter@aflp1#16@033 RUH 1163 3 
ii I li:r I I I I I I 11 I I I i p i | I I I G@Adnetobacter@aflpl#19@020 RUH 1163 3 
I ~ 1 1 ： f G@Actnetobacter@aflp1#17@007 RUH 2224 10 
r ' -M ii 1 I : 1 III I 1 G@Adnetobacter@aflp1#19@031 RUH2224 10 
[ " " I I I h f G@Adnetobacter@aflp1#17(8008 RUH 2222 1。 
I ..I I ‘ I ！ II II I I I G@Acinetobacter@aflp1#19@032 RUH2222 10 
1 h i ! i i： I I I I 11 Jj, G@Acinetobacter@aflp1#l 9@036 RUH 2210 13TU 
i i 画. II 9 1 Ii if, G@Acinetobacter@aflp1#21@008 RUH 2210 13TU 
^ I I II il I 11 M | [ G@Adnetobactef@altp1#l7@014 RUH 2210 13TU 
_ _ r I I I I l | ! I I M I lllll J| II | ] j | G@Adnetobacter@a(lp1#19@035 RUH 2212 13TU 
i I III il I I 1 J !|| II 1 i IIJ G@Acinetobacter@aflp1#21@009 RUH 2212 13TU 
I I I ^ II 丨 ^ i I I I { I I II 11 I I II 11 C5@Acinetobacter@aflp1#17@013 RUH 2212 13TU 
Figure 5.1 d-2 Cluster analysis o f FAFLP fingerprint profiles from strains belonging to DNA groups 3, 10 & 13TU 
derived from 2 to 3 separate gels. Dendrogram was constructed by using UPGMA. The scale represent the Pearson 
correlation moment coefficient in percentages shown above the dendrogram. 
5.1.2 Construction of the database with the reference strains 
Thirty four reference strains comprising 18 D N A groups, which have been 
confirmed by D N A - D N A hybridization (Table 2.3), were used to assess the 
discriminatory power o f FAFLP method including 14 D N A groups w i th 2 strains 
each，one D N A group w i th 3 strains each, and 3 D N A groups w i th only one strain 
each. 
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DNA groups clearly distinguished at 50% cluster-delineating level 
Clusters containing only one D N A group clearly distinguished at a cluster-
delineating level o f 50% as indicated by an arrow (Figure 5.2a and b) were I，II, 
IV , V , V I , VII，VIII , I X and X L Their corresponding D N A groups and similarity 
were 16 (59.7%), 6 (79.0%), 11 (73.8), 10 (73.8%), 3 (56.9%), 15TU (62.6%), 12 
(58.5), 13TU (54.3) and 17 (52.2%) in Figures 5.2a and 5.2b. Also, D N A group 1 
containing only one strain could be distinguished well. 
DNA groups not distinguished at 50% cluster-delineating level 
Strains belonging to D N A groups 4 and 5, 13BJ and 14Bj 'cou ld not be 
discriminated at 50% cut-off level (Figures 5.2a and 5.2b) and grouped together 
in clusters I I I and X respectively. 
Strains of the same DNA group not clustered together 
The two reference strains in D N A groups 2, 7, 8 and 15BJ did not cluster together 
as expected according to their D N A - D N A homology. But they were 
discriminated f rom other D N A groups (Figures 5.2a and 5.2b). 
Strain typing 
Two reference strains belonging to the same D N A group could be distinguished 
at 80% similarity. They include D N A groups 3, 6, 10, 11, 12, 13TU, 15TU, 16， 
and 17 in Figures 5.2a and 5.2b. 
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Purwn corr.l.ban (Opt O.30", (9 .9r-96.7%) 
AFLP .. 







I 1 I I I 11 Ri I 111111 11111111 
m I: 11 1111111 1111: J 
11 11 11 11 : 1 I1 II1 1111111111 
1 d ill I 1 11 111 111 1111111 I 1 1II 1I 1I1 1111111 
: , 11 I I I ,I 11111.1111111111. 
1 \ 11 I '1 I I.I,~ 11 i\ 1,11 11 ~ul~~ !rt 
i l l I 1 11 I1I I ~ 11 ' I II!~ 
I I 11 1111\1 11 II1 ' ~! 1\ 'il l l ! '~ \ II III~ 
1 i I 11 ! 11 I I1 ill 11 11 11 1111 11111 
I lll \ !/ II 11 \1 11 i l i ll~ 1 ~ 1lllilj\ 
il l 111 :1 11111 11111111111111 
1111 1 dHll l l l !"IIU ' PI~l l ~II~'llr~MI~ , 
I t ! I1 11 11 1111 1 I1 1:11111 IIIIIII!IIJII 
1' 1 I 111 .1 1111111 11  
il l 1]1 I1I I 1111 111  Jlm IIIHIIII 
I ~ IIII "II~ I 1I11~11 I I~II ~I~IUI~I' 
1 11111 111/1111 111111111Blil1 
I mil l 1!1 11 I I 11 I I III1 
11 IllHi I , illlllJ I I , 1~11 111 qllll 
I Ill· tllrb I ill II1I :11111 JI f1dlu 
/ 1 11) \llll ill~ ij')I\:III(' 1  
1-___ II! i l : ; 101 111111111111111 
1 I I I 11: 1l1 11: ~I III ! I ! IJ 
LUH 1733 16 







LUH 1730 15BJ 
RUH 1050 11 
RUH2861 11 







LUH 1090 15nJ 






RUH 2210 13nJ 
RUH 2212 13nJ 
RUH2218 13BJ/14nJ 
RUH2217 13BJ/14nJ 
LUH 1088 14BJ 
LUH 1726 14BJ 
LUH 1736 17 
LUH 1735 17 
RUH 134 
Figure S.2a. Cluster analysis of F AFLP fingerprints generated from 34 Acinetobacter reference strains belonging to 18 
DNA groups. The dendrogram was constructed by UPGMA. The scale represents the Pears on moment correlation 
coefficient shown above the dendrogram. 
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Pearson correlation (0pt:0.30%) [9.9%-96.7%] 
AFLP 
I 
j 一 C l u s t e r 
J 16(2) I 
6 (2) II 





— - - = = = ^ 1 - 1 1 ! ] 11(2) IV 
15 BJ 
10(2) V 
J 3 (3) VI .. 
2 
15TU (2) VI I 
1 
"‘ 12(2) VI I I 
7 
8/9 
- — 1 3 T U (2) IX 
i^ BJ j l j X 
_ - 14BJ 
17 (2) X I 
2 
Figure 5.2b. Dendrogram derived from UPGMA cluster analysis of FAFLP fingerprint patterns of 34 Acinetobacter 
e^ r^ence strains belong.ng to 18 DNA groups. Vertex of triangle indicates average similarity value o f i h T Z ^ r Z 
？产 represents the Pearson moment correlation coefficient shown above the dendrogrl. The arr^w marks the 
c t r at DNA groups in this study. The figure in parenthesis stands for nu. Of r e f e r e n i s t t 
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5.1.3 Characterization of the representative AUA groups 
Attempts to characterize the 5 representative A U A groups by comparing wi th 
their FAFLP profiles wi th the reference strain database were made. The A U A 
groups are compared in two ways: by themselves and w i th the reference strains. 
(i) Group U1 
Figure 5.3a shows that the 7 apparently epidemiologically unrelated U1 isolates 
(6 f rom different types o f vegetables and one from sputum, see Table 3.7) 
grouped together in cluster I at a similarity o f 50.0%. Isolates 4321, 7020, 7029 
and 7601 f rom blood culture, vegetable and soil samples remained unclustered at 
50o/o similarity. Thus, the environmental vegetable isolates seemed to be linked at 
a higher similarity than other cl inical and soil isolates. 
When compared wi th the reference strains, the 7 U1 isolates o f cluster I in Figure 
5.3a and the 2 outsiders (7020 and 7029) f rom vegetables grouped together at a 
similarity o f 46.2%, and l inked to other D N A groups below 30% similarity 
(Figure 5.3b). The remaining two outsiders (7601 and 4321 f rom soil and blood 
culture) l inked to other D N A groups below 35% similarity. 
PMrton correlation |9.»%.967%) 
AFLP A F L P , 
L 拜 ^ ^ 彳场丄尽乡每 I Cluster 
^ ^ Ii • I I • i I • II 7024 U1 
r P I I t i I i i I I I I i l l 7。19 U1 「 I I 匪 I • I Ii i I II 3539 U1 
——I . i ' i i I I I I 7044 U1 
厂 ‘ I 丨 i l l M l i l l i l l l l i i l l l l l l 7。。8 U 1 
- H ！ 1 11 III l i l l l l l 7005 U1 I 
‘ I I I I I I I I n i l 7034 U1 
「 L _ | 111 ! ! ！醒 I n i l u l l 7020 ui 令 ‘ • 11 i l l . I I Hill I 7029 U1 ^ 
I I I I { I I I |M 4321 ui outsiders 
I II II III m\ II I I nil 7601 U1 令 
v i l T l f i M ^ T ' i f " ' ' ^ ' " f FAFLP fiijjerprints generated from 11 group Ul isolates recovering from a variety of 
vegetables, blood culture sample and soil. The dendrogram was constructed by using UPGMA. The scale represents the 
Pearson moment correlation coefficient shown above the dendrogram. 
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AFLP 




I I I I 11 Iln~ III ~IJ 
11 1i; illll! I1I i 1.11 1)1 Ill. U~ , j~ li n 1 i i I I I I JIIII I 
I 11 I ! 11111111 11 1111 I 
11 11 1 11111 11 I I I1III 
I I IIHI 111111 11111111 
1 r I1 1111111 IIlIiJ 
I I 1I\ 11, ill 1 illl 111 I Itn 11 111 1 1111 
I' 1 I ! I 1 I HU 1111111 
11 I 11II 11 I 1IIIIIIIlImllllllll 
11 1111 11 , :,1 i ~111~1 ! . llli \I'I,IIIIII~!I :IUl'~ 
, , ,,I' "Ih lnlH 0, II~ ,I n ~ 
i ii llii il l,II ,lllu llIlIllIlllllll,,11 
: 1  iI I 11 11 I I! I 1  11111 11 ill 
RlkI2231 
LlkI1710 

















RlkI875 t n : ,lllllllll iR 1;1I11I 111"1I1!JIII I 11 i H it I1 '11 i I I I I ]1) RlkI2210 mu 
I 11 1 11 ,BltlUI \ 11: II~ illlll ~I 01 JIIII RlkI2212 13TU cluster 
1 il L I I HIIl 11 11 11 I1II RlkI2855 7 
I 11 J I I J I , I I 11I1I I 7029 U1 
I I I I 11 1 I I III 11 Ill' I 7019 Ul 
I 11 I JU I I1 1 I I 1111 I 7020 U1 
I I ; 111111 11 70« Ul 
r 
I III LI II.IIIIII I!II III II'IIII 7008 U1 
i I I I I 11 III 1111111 1 7005 U1 I 
I I I :1 I J I I I 1.1 I 1 7034 U1 
I I 11 • I 1 I 111 .. 1 III 3539 
11 JI I I I1 11 .. 1 , I1 7024 
U1 
U1 
I 11I11 1 II1 III 11 1111111 1 1 RlkI2862 12 
I .11111 III1 III U I illll!U. :[J RlkI2227 12 
1 ~ 1 I II I'~ 11 1\ t RlkI2218 13BJ/14TU I : ' i ll : I 1.111 I 1I J ~~:~ ~:~/l4TU 
I ' I 11 ~ I , I ! IIiP 11 ~:~: ~~BJ 
Ii ! I I I !I i' I I ! I i ~ I \ I 11 RlkI2861 11 
i ! 1 I ~ i I1 Ilill, .11 11 11 ~II ~ I u>< "" "'" I I ;j I I I,. ; I "" '" <Ill 
I , I I I I lL I il il ll lll !I!11 RlkIl34 2 
il l . I I 1 '1 III 1111111 llkl1738 17 
11 1 I I III I I: 111111111111 llkl1735 17 
Figure 5.3b Cluster analysis ofFAFLP fingerprints generated from group VI isolates and the reference strains. The scale 
represents the Pearson moment correlation coefficient in percentages shown above the dendrogram. The dendrogram was 
constructed by using VPGMA. 
(ii) Group U2 
Nine apparently epidemiologically unrelated U2 isolates, recovered from 
different kinds of clinical specimens, vegetables and soil samples (Table 3.7), 
grouped together in a big cluster I with a similarity of 72.2% (Figure 5.4a). When 
compared with the reference strains, the 9 U2 isolates still clustered together even 
at higher similarity of 76.20/0, and linked to other DNA groups below 500/0 in 
Figure 5.4b. 
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Pearson corelation {9.9%-967%】 
AFLP AFLP 
琴..导. ^ ^ g ‘ Cluster 
~ [ i l l I I H i I： 11111111:111 428 U2 
_ _ M i l i： I I !|:| : I illl I 695 U2 
, _ _ r 1 I I 旧 " I I I " 川 UJM i II 4319 U2 
ii I I I I I I I ：. I l l I I Hill 4345 U2 I 
i 1:11 I i l i l l I Mi III! i l i l l l l J 3244 U2 
^ I I 11 ! I 3088 U2 
Hi I I l l i l I 7013 U2 
, i I illl^  I I I H i l l i l l ' I I l l i l 295 U2 
1 i ii II M mil I I 1:11 l l l l i i 7611 U2 _ 
Figure 5.4a Cluster analysis of FAFLP fingerprints generated from 9 U2 isolates recovered from vegetables soil clinical 
spec丨mens and the skin carriage study. The dendrogram was constructed by UPGMA. The scale represent the'pearson 
moment correlation coefficient in percentages shown above the dendrogram. 
P««™on corralalion (OplO.IO*) |9.9H-9t.7%I 
"LP 
r 奮 M l I I I II I HI II l i l l J RUH 2210 13TU 
H I II II ii_ J • 11 Illl II il l l l i l l l • 
ai： I l i i l l I 誦 11 • • RUH2855 7 
1 1 i I ,11 i II 111 LUH 1090 15TU 
r— ‘ ,, il M i 蕭 II I I l l l Illl mil 81111 LUH 1091 15TUr, t 
II II I ,111111 I III I I Illl； l i m 1 Cluster 
J I 11 3088 U2 
「 「 ^ . , , M M M i l 7013 U2 
「 , i I i l l i I I II： III I i l l i l 295 U2 1 
I ,, i i ! Ill I I il Hill • 7611 U2 I 
厂 I I II i l l l I I I I J IJ 428 U2 
r - f ： , ,“ I ir I I I I I HlllliiJ U2 
厂 「 I HI i ii I l l l JU 通 11:邏 lUI 4319 U2 
； I I 11 I :|i| 11 III III 695 U2 
——r r " i I 11 II i i i i i i i i l l l iii 3.44 U2 
r - r — . !! I l l l l l i l l l l l I l lU RUH2206 3 一 
r . i M i I i Ih l l l l l l l 翮 l l l h r _ 6 3 3 
L ： ilil I II l l l l l l i " K l S RU_4 3 
•丨丨丨丨I丨，丨丨• m i l I — ^ 
— , I idl I, i l l 11 I I 11 |]| RUH 2219 8/9 
I M l i I M 1[ I III I 1 RUH2231 7 
r - f ^ ~ ~ III i . i I I I i l l III r i III i l L _ i o 8 
「 — ^ I M i l I •• II LUH 1730 15BJ 
1 I I I 11 I I I RUH 2222 10 
‘ . , , I i l l ! II III I I I I i R l RUH222. 10 
「L 1 : I I 邏电 I • • l iM I I i in II I LUH 1733 16 
厂 — , , 1 I Ml I l l l i l J LUH 1731 16 
r [ I Z I , I HI i II I 111 I I 隨sa. 6 
L i n I II I f II III i I I I I LUH 286 6 
r ~ “ .. I ！ |M| I I II IJ RUH 44 4 
丨 ; " i 圓,1 I i i m i I i l l l RUH222S 5 
n I i I l l l l l i M m I i l l i j i j i ;; 
L — Z Z I ^ Z Z I , I iJ I H i llli II l i t 爾 LU隨9 15BJ 
1 1 1 1 I i I I I I I _ I _ 2 8 6 2 12 
I • • “ “ I i l l l i l l 111 Iii I i • m 12 
^ Z Z Z I I Z Z 1 1 1 , 1 , i n . I i f I J RUH134 2 
1 , , i I I I I I II Ml 1_UH1736 17 
I I i I III I M i l I I II LUH ,735 17 
[ i ： , : I I I I |[ RUH 2218 13BJ/14TU 
n I i M i I I 画 I IJ I RUH 2217 13BJ/14TU 
, I 11 , I r I _ LUH 1088 14BJ 
I " I I I N 11 III I LUH 1726 14BJ 
J l g ^ 5.4b Cluster analysis of FAFLP fingerprints generated from group U2 isolates and the reference strains The 
s t o t S e T e S ^ r t a l ^ UPGMA. The scale represents the Pearson mo嶋t correlation coefficient in p : 二 
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(iii) Group U19 
Five apparently epidemiologically unrelated U19 isolates fel l into two clusters (I 
and I I ) in Figure 5.5a. Cluster I comprised isolates 3268 and 8405 f rom tracheal 
aspirate and hospital environment w i th a similarity o f 84.2%. Cluster I I contained 
isolates 937 and 681 from skin carriage samples w i th a similarity o f 60.0%. 
Isolate 951 (outsider) f rom skin carriage sample remained unclustered at 50% 
similarity. 
When compared w i th the reference strains, they all l inked to other D N A groups 
below 50% in Figure 5.5b. 
NMM emiiiii 1001.11 SI, IS4« 
机 I" AFLP Cluster 
. . 严 . . . f , r • i j • … j i … 
n , •„ • I I I 丨 III II I IJiJ «7 n 
‘ I III I II i I • l l l l l l l I I I I I J «, ⑴曲 II 
i iil ll I i i H i U19b ！^ 
[Z： N： I J! 11]!! i l l 1111 i - ^ 
^ i i i i M ••麗匪 H i i i i i i i i i i i • u� n 
cF="Lfed5ab“C|;"，。/，s丨s of FAFLP fingerprints generated from 5 group U19 isolates. The dendrogram was 
d e n ^ g ^ ^ e represents the Pearson moment correlation coefficient in percentages shown above the 
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P*«r»on corralation (0pt:0.30%) [9.9%-96.7%] 
AFLP AFLP 
. … I … - I j ^ ' li I I I 11 I I I I I I I l l l l l l 3268 U19a 
H ‘ I ： I II I I III II I I I l l l i 8405 U19a^ 
I I I II III! I I I 11 |i LUH 1730 15BJ 
厂 I • 壓 II I I I I I I I I I I I I I RUH 2862 12 
‘ I I M I i ,1111 I 11 I I Mill ( i l l J _ 2 2 7 12 
！ ) t i l l l l l ir i lJ RUH134 2 
I i I I i I ^ I :||| I III 11 LUH 1090 ITU H ‘ I I Ml 111 M i l l III ill I I I I 山_1 1丁U 
r I' i i i i ' m m : : l 
[ r - ^ ^ ,, ： 11[；. .11^^：： 3 
L I 丨丨‘丨丨 ‘ U i I I I l l l l l I I I 111 3 
丨丨 丨 HI I IIII I I mil I llillljlil 2 
I I l l l l l IIJJJ 937 U19a rH ‘ I I " I II I I , . . , l i m H I I I I - 隱 4 
[ L I 謹 h I l l i l l l M I運 I I I I I RUH 2855 7 
- i I丨 I: jl:l • 屋 U 1 9 b + 
——丨 I I ^ i i n i i I n h I I I M l 0 : = I! 
^ ― — Z ： } \ 1.1 II J l l l l l I M l 11 _729 15BJ 
1 I I 1 ！ I I I I Iii R] II II IJ RUH 2210 13TU 
1 I I I i l l H II IIII II II i l l _2212 13TU 
- I h i l l l l l I IIII 111 RUH2231 7 
r P III I I II I I l l l l l l lillllril LU_。 8 
1 I i l l 11 i i i RUH2222 10 ‘ , i I ilM J III I  llli I nil RUH2224 10 
L ——I M i l 罕 l^ i lHjM 署 l " l _733 16 
J ‘ ,丨 I „ , II . B i l l II IlilLl LUH1731 16 
1 , I li M l i II I l l l l l II I RUH 2867 6 
L : — — I " I I I I I 丨丨丨lj I I I I I = 2 : 6 
^ : I 卜 M M I I i i l l l I = 二 5 
R II I I RUH 2218 13BJ 
厂 ^ ! M i l l RUH 2217 13BJ 
II I I I I I LUH 1088 14BJ 
^ Z Z I Z Z ： I f .,1 i 1,1 i I I M i 14BJ 
1 I M i i I i II J LUH 1736 17 ‘ I I m ill I I III l l i l I II LUH 1735 17 
Figure 5.5b Cluster analysis of FAFLP fingerprints generated from 5 group U19 isolates and 34 reference strains The 
t e c S T c l S b y C l ^ S r m e n t 隱丨ation coefficient in percentages shown above the dendrogram. The dendrog,^ 
(iv) Group U54 
Figure 5.6a shows that the 11 apparently epidemiologically unrelated U54 
isolates f rom different types o f cl inical specimens (Table 3.7) grouped together at 
a relatively high similarity o f 63.8% in cluster I. 
When compared w i th the reference strains, they sti l l clustered together w i th a 
relatively higher similarity o f 83.3%, and l inked wi th strain R U H 875 o f D N A 
group 2 at a similarity o f 75.6% in cluster I o f Figure 5.6b. 
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Pewion corelation {9 9%-«6 7%] 
"LP 
Cluster 
. r . a g 8 早 甲 举 § 
r ^ I II III I l i i I i n i l I i I 3110 U54| 
^ , i ! il 111 i l l j I I i l l 3099 U54 
i I M i l i I I Ii Ii ir n i l I i UJ 3079 ua. 
r T » I i J i I I I i I I 3120 U54 
C 1 i I ! i l M M 3116 UM I 
~ ! I 通 " I • I I I j I臞 3119 U54 
pi M I Ii I i I i 歴I 3081 U54 
I jil 3075 U54 
ij I I 3126 U54 
11 3125 U54 
i I ill In 3070 U54 
figure 5.6a - Cluster analysis of FAFLP fingerprint patterns generated from 11 group U54 isolates forming one 
homogenous cluster. The scale represents Pearson moment correlation coefficient shown above the dendrogram. 
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( V ) Group U57 
Six epidemiologically apparently unrelated U57 isolates f rom pork and fish 
(Table 3.7) grouped into two clusters ( I and I I ) w i th similarity o f 68.2% and 
56.0O/O. Cluster I contained 4 U57 isolates (7521, 7538, 7539，7541) and cluster I I 
2 U57 isolates (7532, 7547) in Figure 5.7a. 
When compared wi th the reference strains, they sti l l grouped into two clusters (I 
and I I ) in Figure 5.7b. Isolates 7538, 7539, 7541 and 7521 (cluster I ) l inked wi th 
strain R U H 2231 o f D N A group 7 at similarity o f approximately 50%. Isolates 
7547 and 7532 (cluster I I ) l inked w i th strain L U H 1710 o f D N A group 8 at 
linkage levels o f 56.3% and 50.6% respectively. 
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Figure 5.7a Cluster analysis of FAFLP fingerprints generated from 6 U57 isolates recovered from meat and pork The 
correlation coefficient in percentages shown above the d e n d r o g r a i r 
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5.2 DISCUSSION 




After normalization and background subtraction, the FAFLP fingerprints 
obtained (Figure 5.1a-l) were similar for the four samples with loading sizes 
ranging from 2 ^il to 8 Sample loading size (amount of PGR products) did not 
affect the FAFLP fingerprints. Standardization of loading could minimize 
variations in background intensities, therefore the sample size generating better 
and more clearly distinguishable FAFLP profiles should be chosen. Samples sizes 
of 4 and 2 gave a reasonable intensity o f FAFLP bands for detection and data 
analysis (Figure 5.1a-2), and sample size of 3 PGR product was used for 
loading in this study. 
D N A extracts 
FAFLP fingerprints were reproducible for two samples of U57 isolate 7532 
prepared from two separate D N A extracts and two PGR runs with the 93.0% 
similarity (Figure 5.1b-l) and a similar result was obtained for strain RUH 2862 
(DNA group 12) with the 88.0 similarity % (Figure 5.1b-2)，indicating the high 
PCR fidelity o f this method. 
116 
Reproducibility 
Intragd c ^ ^ j ^ s o n 
The intragel correlation levels of the internal reference strain RUH944, and two 
clonally related strains (3277 and 3268) were found to be acceptable, about 94% 
and 89% similarity (Fig 5.1c-l and c-2). 
Intergel comparison 
The intergel correlation levels o f the internal reference strain (derived from 7 
separate gels) and the reference strains o f D N A groups 3, 10 and 13TU (derived 
from 2 or 3 separate gels) were all above 86%. It indicates that the reproducibility 
o f the method was acceptable even when a large number o f gels were compared. 
In this study, FAFLP fingerprints were normalized with external markers only 
(see section 2.8)，which may not be sufficient for comparison o f the complex 
AFLP patterns derived from different gels. Coelectrophoresis each lane o f both 
samples and external markers with an internal size marker may improve the 
reproducibility by correcting the subtle variations in migration rates and gel 
distortions. However, it has a drawback that fragments of the internal size marker 
may be confiised with the fragments o f specimens as they have the same label. 
Insensitivity to sample loading sizes and separate D N A extracts, and the high 
intra- and intergel correlation levels obtained show that FAFLP fingerprinting 
was highly robust and reproducible. 
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AFLP analysis samples the variation throughout the entire genome o f the isolate; 
the number o f polymorphisms detected per reaction is therefore high. It has a 
better capacity to reveal many polymorphic bands in one lane than other currently 
available PCR-based techniques (Vos et al., 1995; Janssen et al, 1996; 
Vaneechoutte et al., 1996; Blears et aL, 1998). Consequently, the results are more 
informative and reproducible because o f the greater complexity o f the FAFLP 
profiles - wi th an average of 40 bands obtained in this study. 
For AFLP analysis, primers specific to the adaptor and restriction site sequence 
are used; stringent annealing conditions on PCR reaction can therefore be applied, 
which guarantee a better reproducibility (Janssen et al, 1996; Blears et al,, 1998; 
Savelkoul et al., 1999). A relatively high annealing temperature o f 65 °C was 
used in this FAFLP study, rendering the method more reproducible. 
Discriminatory power 
Janssen et al (1997) using radioactive AFLP wi th enzyme-primer combination 
版碰肪d Taql revealed that 151 classified strains oi Acinetobacter could be 
allocated to the correct D N A groups; and ail groups were properly separated, 
w i th minimal intraspecific similarity levels ranging from 29 to 74%, wi th most o f 
the actual values around 45%. 
In the present study, the protocol used is similar to Janssen et aL, 1997 except I 
used fluorescently labeled primer instead o f the radioactively labeled primer. The 
cluster-delineation level obtained in this study was 50%. A t this cut-off level, 
FAFLP fingerprinting showed good discrimination for 10 out o f 18 D N A groups 
including 1,3, 6, 10, 11，12, 13TU, 15TU, 16 and 17 (Figure 5.2a and 5.2b), but 
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insufficient discrimination for D N A groups 4 & 5, and 13BJ & 14BJ. Compared 
with the intraspecific similarity levels (29 to 74%) of 151 classified strains 
obtained in the study of Janssen et al (1997), the discriminatory power o f FAFLP 
in this study was acceptable as the separations between most DNA groups were 
below 50%. 
For the remaining 3 D N A groups (2, 7, 8 or 8/9 and 15BJ), no clusters 
corresponding to these 4 D N A groups were found. In the study o f Janssen et al 
(1997), DNA group 7 strains were also not discriminated well. For D N A groups 2 
and 8 or 8/9, Janssen et al. (1997) could discriminate them well but include a 
greater number o f these strains (34 D N A group 2，19 DNA group 8 or 8/9) for 
cluster analysis than my study. However, they could discriminate the two 15BJ 
strains (LUH 1729 and 1730) at about 74% linkage level, which differed from my 
results. Since statistical variations in cluster analysis could be present due to the 
limited number of reference strains used, a final conclusion on unclustering found 
in strains of D N A groups 2, 7 and 8 or 8/9 can not be drawn until more 
representatives o f each D N A group are included. For D N A group 15BJ, the 
samples should be repeated from D N A extracts and PCR runs to assure the 
genuine unclustering o f these two 15BJ strains. 
The results (5.1.2) show that FAFLP method could distinguish the two reference 
strains o f the same D N A group at a similarity o f 80%, demonstrating that its 
ability to delineate strain relatedness below the species level o f the genus 
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Acinetobacter as suggested by Dijkshoom et al. (1996), and Janssen and 
Dijkshoom (1996). 
5.2.2 Possible genomic species identification of AUA by FAFLP 
analysis 
Isolates of each studied A U A group were firstly compared among themselves and 
then with the reference strains. The results obtained from comparison o f isolates 
within the same A U A group are summarized in Table 5.1. 
Table 5.1 Comparison o f isolates within the same A U A group by FAFLP method 
AUA group U l 02 U19a U19b IJ54 U57a U57b 
(No. of isolates) (11) (9) (3)* (2) ( 1 1 ) (3) (3) 
Clustering on their own 1(7) 1(9) ! ⑵ * ! ⑴ ） 
- ^ 50% similarity j j (2) 
(No. of related isolates) 
Outsiders 
4 1 2 
*The two isolates in cluster I (2) were U19a ” 
Table 5.1 shows that isolates in the same A U A group were related genotypically 
among themselves in a way that differed from their ARDRA profiles wi th the 
、exceptions o f U54 and U2. This can be explained by the fact that different D N A 
groups may have the same A R D R A profiles as suggested by L. Dijkshoom (see 
4.2.2). 
When compared wi th the reference strain database, U54 isolates were related 
genotypically to D N A group 2; and U57 to D N A groups 7 and 8/9. They all had 
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linkage levels above the cluster-delineation level o f 50%. Another three A U A 
groups ( U l , U2 and U19) were unrelated to any known D N A groups, and thus 
may represent new yet undescribed D N A groups. 
AUA groups closely related to currently recognized DNA groups 
GroupU54 
Eleven apparently epidemiologically unrelated U54 isolates from different types 
clinical specimens were shown to be genotypically related to strain R U H 875 o f 
D N A group 2 with a correlation level above the cut-off level in Figure 5.6b. The 
linkage o f strain RUH 875 wi th U54 isolates is interesting because strain R U H 
875 was an outbreak strain, recovered from urine specimens in surgical wards 
and persisted for a 9-months period and originated from Dordrecht, the 
Netherlands (Dijkshoom et aL, 1990b and 1996). It may be postulated that U54 
might be highly transmissible. 
Group U57a and U57b 
Four epidemiologically apparently unrelated isolates (7538, 7539，7541 and 7521 
from fish and pork) were genotypically related to D N A group 7, whereas isolates 
7547 and 7532 (from pork and fish) were related to D N A group 8 in Figure 5.7b， 
all w i th correlation levels just above the cluster-delineating level. 
AUA groups unrelated to any DNA groups 
Group Ul 
Eight epidemiologically apparently unrelated vegetable isolates and one sputum 
isolate were unrelated genotypically to any known D N A groups wi th linkage 
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levels below the cut-off level in Figure 5.3b; they may therefore belong to a new 
yet undescribed D N A group. The two outsiders (isolates 4321 and 7601) were 
also unrelated to any known D N A groups with linkage levels below the cut-off 
level. 
Group U2 
Nine epidemiologically apparently unrelated U2 isolates from skin carriage, 
clinical，soil and vegetable samples (Table 3.7) were shown to be unrelated to any 
known D N A groups wi th linkage levels below the cut-off level in Figure 5.4b 
and may represent a new yet undescribed D N A group. 
Group U19a and U19b 
Four epidemiologically apparently unrelated isolates from skin carriage, clinical 
and hospital environmental samples, and one outsider from skin carriage were 
shown to be unrelated to any known D N A groups wi th linkage levels all below 
the cut-off level. 
5.2.3 Merits and limitations of FAFLP method 
The robustness and reproducibility o f FAFLP were shown to be relatively high in 
this study. As mentioned previously, AFLP uses primers specific to the adaptor 
and restriction site sequences so stringent annealing conditions can be used, 
resulting in a higher degree o f reproducibility (Janssen et a!., 1996; Savelkoul et 
a/., 1999). Since the primers used match perfectly wi th their target site, the only 
possible mismatch that may occur is between the selective base(s) at the 3'-end o f 
the primer and the corresponding base(s) adjacent to the restriction site. However, 
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according to Vos et al. (1995), primers with mispaired 3' -ends are not expected 
to participate in the amplification process, especially if only one or two selective 
bases are used. The reason is that initiation of DNA synthesis by imperfectly 
matched primers will be inefficient or non-existent as high-stringency conditions 
are used during the early several cycles of PCR. 
The results also revealed the high discriminatory power of AFLP for 
differentiation of most DNA groups including the Acb complex and the recently 
described DNA groups, and also for delineation of strain relatedness below the 
species (DNA group) level. 
In addition, Vos et al. (1995) reported that AFLP is insensitive to variations In 
the template DNA concentration (this was not assessed in my study). 
Fluorescent AFLP (F AFLP) analysis is technically faster and simpler, and 
analysis is more accurate since scanning of the fingerprints for computerized 
analysis is not necessary when compared to radioactive AFLP. However, the 
present AFLP methodology itself is still laborious and time-consuming. The 
extraction of whole DNA genome from bacterial isolates by the modified Pitcher 
method (Pitcher et al., 1989) takes at least a half-day. Digestion of genomic DNA 
and ligation of adaptor sequences take another day. PCR followed by 
electrophoresis of amplified fragments in the polyacrylamide sequencing gel will 
be performed on the third day. Altogether it takes three days to obtain FAFLP 
profiles from bacterial isolates, AFLP fingerprints can be stored in a database for 
123 
longitudinal epidemiology in a hospital and it is no need to process the previous 
isolates for comparison in the laboratory. 
Nevertheless, the FAFLP is superior in terms of its discriminatory power, 
reproducibility, flexibility and production o f clear banding patterns suitable for 
computerized analysis. The data generated can be stored in a database for 
longitudinal epidemiology in a hospital locally or internationally. Once the 
database has been set up, comparison wi th previous isolates can be done without 
processing these isolates again in the laboratory. FAFLP is therefore useful for 
nationally or internationally epidemiological analysis. 
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CHAPTER 6 CHARACTERIZATION OF AUA BY 
PHENOTYPIC METHODS 
6.1 RESULTS 
Validation of the 18-tests system - the simplif ied phenotypic scheme o f Bouvet 
and Grimont (1987) 
The results obtained from 10 reference strains for the 18 tests in Table 2.8 were as 
expected according to the identification database Table 1.3. 
Characterization of the representative AUA groups 
A total o f 42 isolates belonging to 5 A U A groups were characterized by the 
simplif ied phenotypic scheme o f Bouvet and Grimont (1987), and their 
susceptibilities to 11 different antimicrobial agents were also determined (2.6.4). 
Tables 6.1a to 6.5a show phenotypic characteristics o f the 42 isolates tested and 
Tables 6.1b to 6.5b the antibiograms obtained. For identification, the phenotypic 
characteristics o f each individual isolate were compared wi th the identification 
matrix based on the data o f Gemer-Smidt et al. (1991) in Table 1.3 (1.4.4). The 
percentage o f positive strains for a particular phenotypic test was also calculated 
wi th respect to the whole A U A group. 
Group U1 
The phenotypic characteristics o f U1 isolates, and their identifications matched 
w i th the identification matrix (Table 1.3), are summarized in Table 6.1a，and their 
antibiogram in Table 6.1b. 
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Table 6.1a Phenotypic characteristics of 11 Ul isolates 
Working No. o/。of + 
(CUHK) 3539 4321 7005 7008 7019 7020 7024 7029 7034 7044 7601 reaction 
~Growth in TSB broth — 
44°C 
41°C + + + + + + + + + + 91 
37°C + + + + + + + + + + + 100 
Acid from glucose + + + + + + + + + + + JQQ 
Gelatinase - q 
Hemolysis of human blood - q 
DL-Lactate + + + + + + + + + + + JQQ 
DL-4-Am inobuty rate + + + + + + + + + + + JQQ 
Trans-Aconitate + + + + + + + + + + + 100 
Citrate + + + + + + + + + + + 100 
Glutarate + - + - - _ + + + _ _ ^^ 
Aspartate + + + + + + + + + + + 励 
Azelate + + + + + + + + + + + 湖 
P-Alanine - Q 
L-Histidine + + + + + + + + + + _ 
D-Malate + + - - . + + + + + + -73 
Malonate + + + + + + + + + + _ 
Histamine - q 
L-Phenylalaine + + + + + + + + + + _ 
Phenylacetate + - . + . . + . . _ _ 27 
Probable genomic group U U U U U U U U U U U U 
where "U" stands for a unclassifiable group; +: positive reaction , -: negative reaction 
Table 6.1b Antibiogram of 11 U l isolates against 11 antimicrobial agents* 
Minimum Inhibitory Concentrations in mg/L (S /I /R)** 
p-lactams Aminoglycosides Quinolones Carba- other 
penems 
Working Na AMP ^UE CPE CAZ AK G OP LVX IMP WR~ 
(CUHK) 
3539 16(1) 1 (S) 4(S) 8 (S) 0.5 (S) 0.5 (S) 0.5 (S) 0.125 (S) 0.125 (S) 0.125 (S) 1 (S) 
4321 32 (R) 1(S) 2(S) 8 (S) 0.5 ⑶ 0.25 (S) 0.25 (S) 0.125 (S) 0.125 (S) 0.25 ⑶ 4 (S) 
7005 16(1) 1 (S) 2(S) 8(S) 1 (S) 0.5 (S) 0.5 (S) 0.125 (S) 0.125 (S) <0.0625 (S) 4 (S) 
7008 16(1) 2 ⑶ 2(S) 4(S) 1 (S) 0.5 (S) 1 (S) 0.125 (S) 0.125 (S) <0.0625 (S) 4(S) 
7019 16(1) 1(S) 2(S) 4(S) 1 (S) 0.25 (S) 0.25 (S) 0.125 (S) 0.125 (S) <0.0625 (S) 2 (S) 
7020 16(1) 1 (S) 4(S) 8(S) 1 (S) 0.5 (S) 0.5 (S) 0.25 (S) 0.125 (S) 0.125 (S) 2 (S) 
7024 8 (S) 1(S) 2(S) 4 (S) 2 (S) 0.5 (S) 0.5 (S) 0.125 (S) 0.125 (S) <0.0625 (S) 2 (S) 
7029 16(1) 0.5 (S) US) 4 (S) 2 (S) 0.5 (S) 0.125 (S) 0.015 (S) 0.0625 (S) 0.125 (S) 2 (S) 
7034 16 ⑴ 1(S) 4(S) 16 ⑴ 2 (S) 1 (S) 0.5 (S) 0.125 (S) 0.125 (S) <0.0625 (S) 4 (S) 
7044 16 ⑴ 1(S) 2(S) 8(S) 0.5 (S) 0.25 (S) 0.5 (S) 0.125 (S) 0.125 (S) 0.125 (S) 2 (S) 
7601 16(1) 1 (S) 2(S) 8(S) 0.5 (S) 0.25 (S) 0.25 (S) 0.125 (S) 0.125 (S) <0.0625 (S) 2 (S) 
• AMP : ampicillin; SUL : sulbactam; CPE : cefepime; CAZ : ceftazidime; AK : amikacin; G : gentamicin- NET • netilmicin" 
CIP : ciprofloxacin; LVX : levofloxacin; IMP : imipenem; TET : tetracycline; S : Susceptible; I ; Intermediate; R iResislance 
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U l isolates could not be related phenotypically to any known D N A groups (Table 
6.1a) by either individual or group matching. They had a similar susceptibility 
pattern，characterized by susceptibility to most P-lactams (except ampicil l in), 
aminoglycosides, quinolones, imipenem and tetracyclines (Table 6.1b). 
Group U2 
The phenotypic characteristics o f 9 U2 isolates and their identifications matched 
wi th identification matrix (Table 1.3) are summarized in Table 6.2a, and their 
antibiogram in Table 6.2b. 
Table 6.2a Phenotypic characteristics o f 9 group U2 isolates 
Working No. 一 
(CUHK)___ 295 428—些 3 0 8 8 _ ^ 2 j l 4 4319 4345 7013 7611 % of + reaction ‘ 
Growth in TSB broth 
44°C 0 
41°C + + + + + + . + + 8 9 
37°C + + + + + + + + + 100 
Acid from glucose + + + + + + + + + 100 
Gelatinase - q 
Hemolysis of human blood - q 
DL-Lactate + + + + + + + + + 励 
DL-4-Aminobutyrate + + + + + + + + + 刚 
Trans-Aconitate + + + + + + + + + � 
Citrate + + + + + + + + + 100 
Glutarate + + + + + + + + + 励 
Aspartate + + + + + + + + 十 IQO 
Azelate - + - + + + + + + 78 
P-Alanine + + + + + + + + + 则 
L-Histidine + + + + + + + + + | q q 
D-Malate + - + + + + + + 78 
Malonate - + - + + + + + + 78 
Histamine - 0 
L-Phenyialaine - + + - _ + + + + 
Phenylacetate - + + - _ + + + + 67 
Probable DNA group U 1,3, U 1,3， 1,3, 1,3, 1,3, 1,3, 1,3, 13 
13TU 13TU 13TU 13TU 13TU 13TU 13TU 13TU 
where U stands for an "unclassifiable group"; +: positive reaction , - ： negative reaction 
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Table 6.2b Antibiogram of 9 U2 isolates against 11 antimicrobial agents* 
Minimum Inhibitory Concentrations in mg/L (S /I /R)+* 
P-lactams Aminoglycosides Quinolones Car^ 
penems 
Working AMP SUL CPE CAZ AK G "TTeT OP LVX IMP f F T ~ 
No. (CUHK) 比 1 
295 32 (R) 1(S) 4(S) 16(1) 0.5 (S) 0.5 (S) 0.5 (S) 0.25 (S) 0.125 (S) 0.125 (S) 64 (R) 
428 32 (R) 1(S) 4(S) 8 (S) 2 (S) 0.5 (S) <0.5 (S) 1 (S) 0.5 ⑶ 0.25 (S) 2 (S) 
695 32 (R) 1(S) 8(S) 16(1) 2 (S) 2 (S) 4 (S) 1 (S) 0.125 (S) <0.0625 (S) 2 (S) 
3088 64 (R) 0.5 (S) 4 (S) 8 (S) >32 (R) 0.5 (S) 2 (S) 0.5 (S) 0.125 (S) <0.0625 (S) >64 (R) 
3244 64 (R) I (S) 8 (S) 16(1) 1 (S) 2 (S) 8 (S) 1 (S) 0.125 (S) 0.25 (S) 2 (S) 
4319 16(1) 0.5 ⑶ 1(S) 4(S) 1 (S) 0.25 (S) 0.5 (S) 0.5 (S) 0.125 (S) <0.0625 (S) 2 (S) 
4345 64 (R) 2 (S) 4 (S) 16(1) 2 (S) 0.5 (S) 1 (S) 0.5 (S) 0.125 (S) 0.125 (S) 0 5 (S) 
7013 32 (R) 0.5 (S) 4 (S) 16(1) 2 (S) 1 (S) 2 (S) 1 (S) 0.25 (S) 0.125 (S) 4 (S) 
7611 64 (R) 0.5 (S) 8 (S) 32 (R) 2 (S) 1 (S) 1 (S) 1 (S) 0.25 (S) <0.0625 (S) 2 (S) 
* AMP : ampicillin; SUL : sulbactam; CPE : cefepime; CAZ : ceftazidime; AK : amikacin; G : gentamicin; NET : netilmicin-
CIP : ciprofloxacin; LVX : levofloxacin; IMP : imipenem; TET : tetracycline; S : Susceptible; I: Intermediate; R ：Resistance 
Results in Table 6.2a show that U2 isolates (except 295, 695) were probably 
phenotypically related to D N A groups 1, 3 and 13TU, and isolates 295 and 695 
unrelated to any known D N A groups for individual matching. For group matching, 
U2 isolates were related to D N A groups 1, 3 and 13 TU. 
A l l U2 isolates had similar susceptible patterns, characterized by susceptibility to 
most P-lactams (except ampici l l in), aminoglycosides, quinolones, imipenem and 
tetracycline (Table 6.2b). 
Group U19 
The phenotypic characteristics o f U19 isolates, and their identifications are 
summarized in Table 6.3a, and their antibiogram in Table 6.3b. U19 isolates were 
classified into two groups: hemolytic group (isolates 3268 and 84050 and non-
hemolytic group (isolates 937，681 and 951). 
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Results in Table 6.3a show that all U19 isolates were unrelated phenotypically to 
any known D N A groups. Table 6.3b reveals that hemolytic group (3268 and 8405) 
was more resistant than non-hemolytic group (937，681 and 951). Hemolytic 
isolates were moderate susceptible to aminoglycosides, imipenem and tetracycline, 
whereas non-hemolytic strains were sensitive to aminoglycosides, imipenem and 
tetracycline. In general, U19 isolates were resistant to P-lactams but sensitive to 
quinolones. 
Table 6.3a Phenotypic characteristics of 5 U19 isolates 
Working No. ^ % W l m ^ % in + 
(ARDRA profile) (U19a) (U19a) (U19a) (U19b) (U19b) reaction 
Growth in TSB broth 
44T 0 - - . 0 
41°C 0 - - . 0 
37T + + 100 + + + 100 
Acid from glucose - - 0 - - - Q 
Gelatinase - o - - . 0 
Hemolysis of human blood + + 100 - - . 0 
DL-Lactate + + 100 + + + 100 
DL-4-Aminobutyrate - - 0 - - - 0 
Trans-Aconitate - - 0 - - . 0 
Citrate + + 100 + + 67 
Glutarate - 0 + + + loo 
Aspartate - 0 + + . 67 
Azelate + + 100 + + + loO 
B-Alanine + + 100 _ . 0 
L-Histidine + + 100 - . q 
D-Malate + + 100 + . 33 
Malonate - - 0 - - . 0 
Histamine - - 0 - - - Q 
L-Phenylalaine + + 100 - - . 0 
Phenylacetate + + 100 - - - 0 
Probable DNA group U U U U U U U 
where U stands for an "unclassifiable group"; +: positive reaction, - ： negative reaction 
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Table 6.3b Antibiograms of 5 U19 isolates against 11 antimicrobial agents* 
Minimum Inhibitory Concentrations in mg/L (S /I /R)** 
P-lactams Aminoglycosides Quinolones Carba- other 
W f — f O E C T E CAZ A^ K G NET ot LVX - j g j -
(CUHK) 
3268 >64 01) 32 01) 64 (S) 8 (S) 8 (S) 32 (R) 8 (S) 1 (S) 0.25 (S) 8(1) 64 (R) 
8405 >64 (R) 2(S) >64 (R) >64 (R) >32 (R) 4 (S) 8 (S) 1 (S) 0.125 (S) 8 ⑴ 2 (S) 
937 32 (R) 1(S) 4(S) 32 (S) 2 (S) 0.25 (S) 0.25 (S) 1 (S) 0.25 ⑶ <0.0625 (S) 2 (S) 
681 32 (R) 4(S) 32 (R) >64 (R) 0.5 (S) 0.25 (S) 0.5 (S) 1 (S) 0.125 (S) <0.0625 (S) 4 (S) 
951 32 (R) 8(S) 32 ⑶ >64 (S) 2 (S) 0.25 (S) 0.25 (S) 1 (S) 1 (S) <0.0625 (S) 8(1) 
» A I ^ ; ampicillin; SUL .sulbactam; CPE : cefepime; CAZ : ceftazidime; AK : amikacin; G ; gentamicin; NET: netilmicin-
CIP : ciprofloxacin; LVX : levofloxacin; IMP: imipenem; TET : tetracycline; • • S : Susceptible; I; Intemiediate; R :Resis;ance 
Group U54 
The phenotypic characteristics o f 11 U 5 4 isolates and their identi f icat ions are 
summarized in Table 6.4a，and their ant ib iogram in Table 6.4b. 
Table 6.4a Phenotypic characteristics of 11 U54 isolates 
Working No. — „/ + " 
(CUHK) 3070 3075 3079 3081 3099 3110 3116 3119 3120 3125 3126 reaction 
Growth in TSB broth 
44°C + + + + + + + 十 + + + ,00 
+ + + + + + + + + + + 100 
37。C + + + + + + + + + + + 100 
Acid from glucose + + + + + + + + + + + JQQ 
Gelatinase - 0 
Hemolysis of human - - _ _ _ 0 
blood 
DL-Lactate + + + + + + + + + + + joO 
DL-4-Aminobutyrate + + + + + + + + + + + 歸 
Trans-Aconitate + + + + + + + + + + + 脚 
Citrate + + + + + + + + + + + 100 
Glutarate + + + + + + + + + + + 100 
Aspartate + + + + + + + + + + + JQQ 
Azelate + + + + + + + + + + + 100 
B-Alanine + + + + + + + + + + + loo 
L-Histidine + + + + + + + + + + + JQQ 
D-Malate + + + + + + + + + + + loo 
Malonate + + + + + + + + + + + loO 
Histamine - ^ 
- - - - - 0 
L-Phenylalaine + + + + + + + + + + + 100 
Phenylacetate + + + + + + + + + + + JQQ 
Probable DNA group 2, 2, 2, 2, 2, 2 2 2 2 2 2 2 
13TU 13TU 13TU 13TU 13TU 13TU 13TU 13TU 13TU 13TU 13TU 13TU 
where U stands for an "unclassifiable group"; +: positive reaction ’ - ： negative reaction — — 
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Table 6.4b Antibiogram of 11 U54 isolates against 11 antimicrobial agents* 
Minimum Inhibitory Concentrations in mg/L (S /I /R)** 
p-lactams Aminoglycosides Quinolones Carba- other 
penems 
WorkmgNo. AMP SUL CPE CAZ AK G" ^ QP LVX f f f — 
(CUHK) 
3070 64 (R) 32 (R) 16(1) >64 (R) 4 (S) 16 (R) 1 (S) 1 (S) 0.25 (S) 0.25 (S) >64 (R) 
3075 64 (R) 2(S) 16(1) >64 (R) 2 (S) 1 (S) 1 (S) 1 (S) 0.25 (S) 0.5 (S) 32 (R) 
3079 >64 (R) 8(1) 4 (S) >64 (R) 0.5 (S) 4 (S) 0.5 (S) 0.5 (S) 0.125 (S) 0.125 (S) 64 (R) 
3081 >64 (R) 32 (R) 16(1) >64 (R) 2 (S) 32 (R) 2 (S) 1 (S) 0.25 (S) 0.125 (S) >64(R) 
3099 >64 (R) >32 (R) 32 (R) >64 (R) 4 (S) 32 (R) 2 (S) 1 (S) 0.125 (S) 0.25 (S) >64 (R) 
3110 >64 (R) 32 (R) 8 (S) >64 (R) 2 (S) 32 (R) 1(S) 2(1) 0.5 (S) 0.25 (S) >64 (R) 
3116 >64(R) 16 (R) 8 (S) >64 (R) 1 (S) 4 (S) 0.5 (S) 0.5 (S) 0.125 (S) 0.25 (S) >64(R) 
3119 >64 (R) 16 (R) 8 (S) >64 (R) 2 (S) 32 (R) 2 (S) 0.5 (S) 0.25 (S) 0.125 (S) >64 (R) 
3120 >64 (R) 32 (R) 8 (S) >64 (R) 0.5 (S) 4 (R) 0.5 (S) 1 (S) 0.25 (S) 0.25 ⑶ >64 (R) 
3125 >64 ( R )丨 6(R) 8 (S) >64 (R) 2 (S) 4 (R) 0.5 (S) 1 (S) 0.25 (S) 0.25 (S) >64 (R) 
3126 >64 (R) 32 (R) 8 (S) >64 (R) 2 (S) 16 (R) 1 (S) 1 (S) 0.25 (S) 0.125 (S) >64 (R) 
* AMP ： ampicillin; SUL : sulbactam; CPE : cefepime; CAZ : ceftazidime; AK : amikacin; G : gentamicin; NET : netilmicin. 
CIP : ciprofloxacin; LVX : levofloxacin; IMP : imipenem; TET : tetracycline; S : Susceptible; I: Intermediate; R :Resislance 
Results in Table 6.4a show that the U54 isolates were phenotypically related to 
D N A groups 2 and 13TU. They were shown to be resistant to most P-lactams and 
tetracycline, and susceptible to most aminoglycosides, quinolones and imipenem 
(Table 6.4b). 
Group U57 
The phenotypic characteristics o f U57 isolates, and their identifications are 
summarized in Table 6.5a, and their susceptibilities to 11 antimicrobial agents in 
Table 6.5b. 
The abil i ty to grow at 37。C divides U57 isolates into group A (7532 and 7538) and 
group B (7539，7547, 7521 and 7541). 
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Table 6.5a. Phenotypic characteristics of 6 U57 isolates 
Working No. 丽 7 5 3 8 % o f + ~ i m ~ 7 5 4 7 75^ %of + 
___(ARDRA profile) (U57a) (U57b) reaction (U57a) (U57a) (U57b) (U57a) reaction 
Growth in TSB broth 
44°C 0 . . . . 0 
41。C 0 . . . . 0 
37°C + + 100 - - . . 0 
Acid from glucose - 0 - - . _ Q 
Gelatinase - 0 . - _ • 0 
Hemolysis of human blood - o - . . . Q 
DL-Lactate + + 100 + + + + jqq 
DL-4-Aminobutyrate + + 100 + . + . Q^ 
Trans-Aconitate - 0 - - _ _ 0 
Citrate - 0 + - . . 25 
Glutarate - ( ) _ • _ _ q 
Aspartate + _ 50 + _ + 十 75 
Azelate - 0 - - _ _ Q 
B-Alanine - 0 - - _ _ 0 
L-Histidine - ( ) _ _ _ • q 
D-Malate - 0 - - _ _ g 
Malonate - 0 - . + . 25 
Histamine - 0 - - _ _ 0 
L-Phenylalaine - 0 - - _ _ Q 
Phenylacetate - ( ) _ _ _ • q 
Probable DNA group U U u 7 7 7 7 7 
where U stands for an "unclassifiable group"; +： positive reaction, - : negative reaction 
Table 6.5b Antibiogram of 6 U57 isolates against 11 antimicrobial agents* 
Minimum Inhibitory Concentrations in mg/L (S /I /R)** 
Nactams Aminoglycosides Quinolones Carba^  
—巧眾「—丽 及 ^ “ 石 " • ’ C I P L V X T E T -
7532 4(S) 0.5 (S) 1 ⑶ 8 (S) 0.5 (S) 0.25 ⑶ 0.25 ⑶ 0.0625 (S) 0.125 (S) <0.0625 (S) 1 (S) 
7538 8(S) 0.5 (S) 1 (S) 8 (S) 0.5 ⑶ 0.25 ⑶ 0.25 (S) 0.125 (S) 0.125 (S) 025(S) 2 (S) 
7539 8 ⑶ 0.5 (S). 2 (S) 8 (S) 1 (S) 0.25 (S) 0.25 (S) 0.125 (S) 0.125 (S) <0.0625 (S) 1 (S) 
7547 8 (S) 1(S) 2(S) 8 (S) 1 (S) 0.5 (S) 0.25 (S) 0.125 (S) 0.125 (S) 0.125 (S) 1 (S) 
7521 16 (1) 8(1) 2 (S) >64 (R) 1(S) 0.5 (S) 0.25 ⑶ 0.125 (S) 0.125 (S) <0.0625 (S) >64 (R) 
7541 8(S) 0.5 (S) 2(S) 32 (R) 1(S) 0.5 ⑶ 0.5 (S) 0.125 (S) 0.125 ⑶ <0.0625 (S) 1 (S) 
•巧P :細 P^illin; SUL.sulbactam; CPE : cefepime; CAZ : ceftazidime; AK : amikacin; G : gentamicin; NET • netilmicin" 
CIP: cprofloxacm; LVX : levofloxacin; IMP : imipenem; TET: tetracycline; - S : S u s c e p t i ‘ I: IntennediLe; R S a n c e 
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Group A isolates were shown to be phenotypically unrelated to any known D N A 
groups. The 4 key tests (i.e. temperature tolerance tests, glucose oxidation, gelatin 
hydrolysis, hemolysis o f human blood) and 12 o f 14 carbon uti l ization tests 
(excluding azelate, D-malate) matched the 4 U57 group B isolates wi th those o f 
D N A group 7 (Table 1.3). The 4 U57 isolates gave negative results in both azelate 
and D-malate utilization, but 50% and 95% o f D N A group 7 strains gave positive 
results in these two tests respectively. 
Table 6.5b reveals that all U57 isolates were susceptible to most P-lactams, 
aminoglycosides, quinolones, imipenem and tetracycline. 
Table 6.6 summarizes the comparison o f isolates wi th in the same A U A group 
based on their phenotypic characteristics. 
Table 6.6 Comparison of isolates within the same AUA group based on phenotypic 
characteristics 
AUA group "Ui U 2 ~ U 1 9 a U 1 9 b ~ U 5 4 U57a U57b 
(No. of isolates) (11) (9) (3)* (2) (11) ⑶ （ 3 ) 
Cluster I I I II I I II 
No. of isolates 
Having the same 4 key test Jo 8 2* 3 1 1 o 
results 2 4 
(No. of carbon utilization (6) (9) (14) (11) (14) (13) (10) 
test with the same results) y ^ \ J \ ) 、⑴j 
* Isolates in cluster I were U19a — — 
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6.2 DISCUSSION 
6.2.1 Possible genomic species identification of the representative 
AUA groups 
The isolates wi th in the same A U A group showed intragroup variabil ity in 
phenotypic characteristics by the 18-tests system wi th the exception o f U54 in 
Table 6.6. 
When compared wi th the identification matrix (Table 1.3)，U2 isolates (except 295, 
695) were related phenotypically to the Acb complex, and U54 to D N A groups 2 or 
13TU respectively. U57 isolates (except 7532, 7538) were related to D N A group 7 
based on the 4 key tests (temperature tolerance test o f 37°C, gelatin liquefaction, 
human blood hydrolysis, glucose oxidation tests)，and 12 out o f 14 carbon 
uti l ization tests. U l and U19 were not identifiable by the phenotypic methods. 
Based on the antibiograms (Table 6.1b to 6.5b), isolates in A U A group U l , U2 and 
U57 were shown to have similar susceptibility patterns being sensitive to most 
antimicrobial agents including B-lactams, aminoglycosides, quinolones, imipenem 
and tetracycline. In contrast, U54 isolates were relatively more resistant to B-
iactams and tetracycline (Table 6.4b), and the similar strain R U H 875 (based on 
their FAFLP fingerprints, see Figure 5.6b) has been reported to be highly resistant 
to mult iple antibiotics (Di jkshoom et al, 1996). Also，two susceptibility patterns 
were observed in U19 isolates: hemolytic groups were more resistant than non-
hemolytic groups wi th respect to aminoglycosides and imipenem (Table 6.3b). 
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6.2.2 Limitations in classification of Acinetobacter species at 
genomic species level 
Phenotypic identification of acinetobacters to the species or D N A group is dif f icult, 
especially for closely related D N A groups. For example, phenotypic identification 
o f D N A groups 1, 2, 3 and 13TU has been shown to be o f doubtful value (Gemer-
Smidt et al, 1991). D N A groups 13BJ to 17BJ also could not be separated 
unambiguously by phenotypic tests (Bouvet and Jeanjean, 1989). 
The four tests including temperature tolerance tests o f 44° and 37°C, glucose 
oxidation, gelatin liquefaction and hydrolysis are useful identification features for 
certain D N A groups. Examples include by 44。C for A. baumannii; 3TC for A. 
johnsonii; gelatin liquefaction and hydrolysis for A. junii and A. haemolyticus 
(Bouvet & Grimont，1987; Bouvet & Jeanjean，1989; Gemer-Smidt et al., 1991). 
Therefore, they are given more weight compared wi th the 14 carbon uti l ization 
tests. 
The discrepancies found in the 2 tests (azelate and D-malate) for assigning U57 to 
D N A groups 7 might not be as important as expected because one should be 
mindfUl that different collections o f strains have been investigated. This was 
elucidated in the study o f Soddell et al (1993). They evaluated the effectiveness o f 
the different published identification schemes: the 28-tests o f Bouvet and Grimont 
(1986)，18-tests o f Bouvet and Grimont (1987) and 18-tests o f Gemer-Smidt et al. 
(1991), on reference strains and non-clinical isolates. They commented that none 
o f these identif ication schemes based on phenotypic characters w i th databases 
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constructed from clinical isolates o f Acinetobacter were suitable for the 
environmental strains in their study. Based on their findings, each system appeared 
to favor the identification o f certain D N A groups, suggesting some bias in these 
schemes. A l l the identification matrices were established wi th isolates 
predominantly from clinical sources, and variations in the biochemical and 
physiological properties o f isolates f rom other habitats might therefore be expected 
(Soddell et al, 1993). But one should be reminded that many strains (164 non-
clinical isolates) in their study were not confirmed by the D N A - D N A hybridization. 
Phenotypic identification o f Acinetobacter to D N A groups has been problematic 
(Bouvet and Grimont, 1986 and 1987; Gemer-Smidt et al, 1991; Kampfer et al, 
1993; Soddell et al, 1993; Bernards et al, 1995). As mentioned previously in 1.4.4， 
the identification matrix based on Gemer-Smidt and Tjemberg (1993) was used in 
this study because most strains (119 out o f 198 strains) had been studied by D N A -
D N A hybridization. But, there were sti l l some strains included in the matrix that 
were arguably not wel l delineated. 
The number o f characters used to differentiate between some o f the D N A groups in 
Table 1.2 is small, and a single incorrect test result, arising possibly from strain 
variabil i ty and different practical protocols w i l l therefore give a different 
identification (Gemer-Smidt et al, 1991). This can be illustrated by the D-malate 
util ization, which was the only clearly discriminating test for D N A groups 1 and 3. 
Gemer-Smidt et al. (1991) reported that 90% D N A group 1 strains gave positive 
results in D-malate, but Bouvet and Grimont (1986) reported negative results. 
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Different practical protocols were also reported for the temperature tolerance tests: 
Gemer-Smidt (1991) used Bacto brain heart infusion (BHI) broth (Difco) whereas 
Bouvet and Grimont (1987) used a tryptocasein soy broth (Oxoid). Gemer-Smidt 
et al. (1991) reported none o f D N A group 6 could grow at 41°C; however, Bouvet 
and Grimont (1987) found to be the contrary. Similarly, Gemer-Smidt et al. (1991) 
reported negative results o f growth in 37°C for D N A group 11 strains, but Bouvet 
and Grimont (1986) reported positive. Therefore, differences between studies in 
the test results for growth at 37°, 41° and 44°C are to be expected. Consequently, 
interlaboratory differences o f test results for phenotypic identification could be 
expected. Also Gennari and Lombardi (1993) investigating isolates from food 
noted that strains phenotypically identified to species had lower growth 
temperature than in the system o f Bouvet and Grimont. One should be reminded 
that system o f Bouvet and Grimont (1986) is largely based on clinical strains. The 
phenotypic features therefore may vary wi th in D N A groups because o f their 
different ecological niches. 
The results o f phenotypical identification may be improved by performing the tests 
on the test isolates and on a set o f well-defined reference strains in the same batch, 
but this is laborious and time-consuming and would require the availability o f a 
large set o f strains. I t has been recommended by Sneath (1977) to use about 25 but 
never less than 10 strains to define a species (Sneath, 1977). 
Furthermore, since D N A groups 6 (2), 14TU (4) and 15TU (2) in Table 1.3 were 
represented by only two to four strains, bias in identif ication o f these D N A groups 
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might exist. Therefore, more strains o f these D N A groups must be included to 
make the matrix more applicable. 
Other limitations o f biochemical identification include: (i) individual test may not 
be highly reproducible; ( i i ) the species metabolic phenotype is not an absolute 
property but may exhibit variability (Maslow et al, 1993). 
The phenotypic methods used in this study were time-consuming to perform. It 
took a week to obtain all the test results. However, they are simple to perform and 
economic ( in case labor is cheap) as they do not involve any expensive reagents 
and equipment, and are therefore available for small laboratories. 
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7.1 Typing results of the AUA groups by ERIC PCR method 
A U A group U l (11 isolates) 
Pattern 1 2 2 3 4 5 6 7 8 6 9 
I M i M 
Figure 7.1 Agarose gel electrophoresis of DNA fingerprints of Ul isolates obtained by 
PCR using consensus primer ERIC2. M: molecular size marker of 100 bp; lanes 1 to 11 
Table 7.1 ERIC patterns of the 11 U l isolates 
^ ~ W o r k i n g No. Date Specimens~Type/ward/ location E R I C ~ 
(mm/dd/yy) partem 
1 CUHK 7005 05/18/97 Vegetables V l l T P i I F S i 
2 CUHK 7008 06/08/97 Vegetables V9/Coriander 2 
3 CUHK 7019 11/21/97 Vegetables V24/Pak Choi 2 
4 CUHK 7020 11/21/97 Vegetables V25/Pak Choi 3 
5 CUHK 7024 11/26/97 Vegetables V26/Spring Onion 4 
6 CUHK 7029 11/26/97 Vegetables V28/Spinach 5 
7 CUHK 7034 11/26/97 Vegetables V30/Choi Sum 6 
8 CUHK 7044 11/26/97 Vegetables V35/Spinach 7 
9 CUHK 3539 11/19/98 Sputum STH 8/F 8 
10 CUHK 4321 4/24/97 Blood culture Ward IOC 6 
11 CUHK 7601 Summer 98 Soil Tsuen Wan 9 
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Eleven epidemiological ly apparently unrelated U 1 isolates, recovered main ly f rom 
di f ferent types o f vegetables, c l in ica l specimens and soi l (Table 7.1), were shown to 
belong to 9 di f ferent ER IC patterns (Figure 7.1)， indicating that they were not 
c lonal ly related by ER IC method. Except ions were isolates 7008，7019 w i t h 
common pattern 2 and 7034 and 4321 w i t h pattern 6. 
A U A group U 2 (9 isolates) 
Pattern 1 2 3 4 4 4 4 5 5 
g S Q 
【j^ gjre 7.2 Agarose gel electrophoresis of DNA fingerprints of 9 U2 isolates obtained by 
PCR using consensus primer ERIC2. M: molecular size marker of 100 bp; lanes 1 to 9 
Table 7.2 ERIC patterns o f the 9 U2 isolates ‘ 
Lane Working n o . D ^ Source/Type / location Specimens E ^ ~ ~ 
J ^ (mm/dd/yy) Name nattem 
^ CUHK 2 9 5 m U ^ C a r r i a g e / a c u t e / Y T T ^ ^ f " ^ 
2 CUHK 428 09/01/97 Carriage/chronic/LF Groin 2 
3 CUHK 695 10/01/97 Carriage/chronic/TT Hairline 3 
4 CUHK 3088 01/07/97 ICU/MYP Tracheal aspirate 4 
\ CUHK 3244 11/27/98 ICU/LMY Tracheal aspirate 4 
6 CUHK 4319 04/22/97 Ward lOC/CSC Blood Culture 4 
7 CUHK 4345 08/08/97 Ward lOC/CLM Blood Culture 4 
8 CUHK 7013 08/03/97 V15/Purshane Vegetables 5 
9 CUHK 7611 Summer 98 Shatin Soil \ 
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Nine epidemiologically apparently unrelated U2 isolates f rom skin carriage studies, 
clinical specimens, vegetable and soil samples (Table 7.2) were shown to belong to 
6 different ERIC patterns (Fig. 7.2), indicating they were clonally unrelated wi th the 
exceptions o f four cl inical specimens. The 4 clinical specimens (tracheal aspirates 
and blood cultures) appeared to have the same ERIC pattern 4 but w i th only one 
thick band (Fig. 7.2). 
A U A group U19 




F j ^ e 7.3 Agarose gel electrophoresis of DNA fingerprints of U19 isolates obtained by 
PCR using consensus primer ERIC2. M: molecular size marker of 100 bp; lanes 1 to 5 
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Table 7.3 ERIC patterns o f the 5 U19 isolates. 
Lane Working D ^ Source/Type/ S p e c i m e n s ~ E ^ ~ 
no- No. (mm/dd/yy) Name 咖阳 
1 CUHK 937 02/01/98 Carriage/nurse/CWY HiFl iS^ i 
。 （U19a) (broth) 
2 CUHK681 10/01/97 Carriage/student/LYH Hair line 2 
(U19b) 
3 CUHK 951 02/01/97 Carriage/nurse/HML Hair line 2 
(U19b) 
4 CUHK 8405 12/09/98 ICU Settle plate 3 
(U19a) 
5 CUHK 3268 12/07/98 ICU/CK Tracheal 3 
aspirate 
Five epidemiological ly apparently unrelated U19 isolates showed 3 di f ferent ERIC 
patterns (1 to 3, see Table 7.3). Isolates 681 and 951 both showed E R I C pattern 2 
but w i t h on ly one th ick band detected. Isolates 3268 and 8405 both showed the 
same ERIC pattern 3 w i t h 5 ident ical bands detected. 
A U A groupJLJ54 
Pattern 1 1 1 1 1 1 1 1 1 1 1 
PWfW啊,t，^MB 
• W V i l 
1 2 3 4 5 6 7 8 9 10 11 M 
Figure 7.4 Agarose gel electrophoresis of DNA fingerprints of U54 isolates obtained by PCR using 
consensus primer ERIC2. M: molecular size marker of 100 bp; lanes I t o l l g 
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Table 7.4 ERIC patterns of the 11 U54 isolates 
Lane Working No. Date Ward Patient Specimens ERIC 
no. mm/dd/yy sex/age pattern 
1 CUHK3070 01/06/97 5A Ml86 Superficial wound 1 
2 CUHK 3075 01/06/97 5D F/82 Superficial wound 1 
3 CUHK 3079 01/06/97 LHS Ml21 Superficial wound 1 
4 CUHK 3081 01/07/97 5D F/54 Midstream urine 1 
5 CUHK 3099 01110/97 5A Ml50 Superficial wound 1 
6 CUHK 3110 01/11/97 11F Ml71 Superficial wound 1 
7 CUHK3116 01/13/97 5D F/57 Superficial wound 1 
8 CUHK3119 01/13/97 5A Ml43 Superficial wound 1 
9 CUHK 3120 01/13/97 ICU Ml32 Tracheal aspirate 1 
10 CUHK 3125 01/13/97 3C Ml40 Sputum 1 
11 CUHK 3126 01/13/97 11E F/80 Superficial wound 1 
Eleven epidemiologically apparently unrelated U 54 isolates, collected between 6th 
and 13th of January and from different sources (Table 7.4), were suggested to be 
clonally related as they all had ERIC pattern 1 with 5 bands detected (Fig.7.4). 
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A U A g r o u p U S ? 
Pattern 1 2 3 4 5 6 
wBBSn _, • mm mm — 
• I 
M 1 2 3 4 5 6 
Figure 7.5 Agarose gel electrophoresis of DNA fingerprints of U57 isolates obtained by PCR using 
consensus primer ERIC2. M: molecular size marker of 100 bp; lanes 1 to 6 
Table 7.5 ERIC patterns o f the 6 U57 isolates 
Lane Working N o . D a t e Location Specimens ERIC 
no. (mm/dd/yy) pattern 
1 CUHK 7 5 3 8 1 1 / 1 2 / 9 8 Mong Kok ^ j 
(U57b) 
2 CUHK 7539 11/12/98 Shek Kip Mei Pork 2 
(U57a) 
3 CUHK 7541 02/02/99 Shatin Fish 3 
(U57b) 
4 CUHK 7521 10/31/98 Ping Shek Pork 4 
(U57b) 
5 CUHK 7532 11/12/98 Cheung Sha Wan Fish 5 
(U57a) 
6 CUHK 7547 02/02/99 Tsuen Wan Pork 6 
(U57a) 
Six epidemiologica l ly apparently unrelated U 5 7 isolates, f r o m f ish and meat bought 
at d i f ferent market places (Table 7.5), have been shown to be c lonal ly unrelated as 
they had 6 di f ferent E R I C patterns 1 to 6 (Fig. 7.5). 
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Since FAFLP and biochemical tests are useful in epidemiological typing (Janssen 
and Di jkshoom, 1996; Di jkshoom et al, 1996b; Bouvet and Grimont, 1987; Joly-
Gui l lou et al.’ 1990)，the FAFLP and biochemical results o f the isolates wi th the 
same ERIC patterns are shown in Table 7.6 to assess their relatedness. Also, ERIC 
patterns did not give a large degree o f variation (only 1 to 5 bands), other typing 
methods should be used to conf i rm the results o f ERIC. 
Table 7.6 A summary o f FAFLP and biochemical results for the isolates w i th the 
same ERIC patterns 
W o r k i n g A U A S ^ HRIC pattern FAFLP pattern No. of tests with 
no. group (no. of bands) similarity %* different 
7008,7019 U l ditterentvegetables 2 (3) ^ ^ ； = = t e s t 
Ul v p ^ b l e 6 ( 3 ) <10 1 carbon test 
7034 blood culture 
3088,3244, U2 tracheal aspirates 4 (1) 〜70 lkevte<;t 
4319,4345 blood cultures 2 car'bon tests 
681,951 U19 skin carriage 2 (1) � 3 0 2 carbon tests 
—hair line 
3268 U19 tracheal aspirate 3 (5) >80 0 
8405 settle plate 
(both from ICU) 
* The cut-off level of FAFLP at strain level in this study was found to be 80% (see 5.2.1) 
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7.2 DISCUSSION 
Relatedness of the isolates within the same AUA groups 
The isolates were originally chosen on the basis o f epidemiologically apparently 
unrelatedness as shown in Table 3.7. By the end o f the work, the 11 U54 isolates 
were shown to be highly similar by their t D N A , FAFLP fingerprints and 
biochemical reactions, they were therefore suspected to be clonally related. 
"Genetically related isolates (clones) are isolates that are indistinguishable f rom each 
other by a variety o f genetic tests (…）or that are so similar that they are presumed to 
be derived f rom a common parent (Tenover et al, 1995)". Enterobacterial Repetitive 
Intergenic Consensus (ERIC) PGR typing method was used to conf irm their 
similarity (Table 7.4). ERIC was subsequently performed on all the other isolates. 
Group U54 
The high similarity in FAFLP fingerprints (>80% species cut-of f level) and the 
ERIC results suggest that the 11 U54 isolates f rom different types o f cl inical 
specimens and patients (Table 7.4) were probably clonally related. I t was suggested 
that there might be cross transmission o f U54 acinetobacters among the 11 patients 
themselves and/ or other patients and/ or inanimate object(s) in the seven wards 
during that week (6出 to IV^ January, 1997). 
ERIC method also suggested that the isolates o f the other 4 A U A groups ( U l , U2, 
U19 and U57) were clonally unrelated w i th the exception o f 12 isolates listed in 
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Table 7.6. The results o f FAFLP and biochemical results were also used to assess 
the relatedness o f these 12 isolates in Table 7.6. 
Isolates 3268, recovered from a tracheal aspirate in I C U and 8405 f rom a settle plate 
in ICU, were epidemiologically apparently unrelated but later confirmed to be 
clonally related by PFGE in another study (Houang et al, submitted). The high 
similarity (>80%) o f FAFLP fingerprints, the same ERIC pattern w i th 5 bands and 
identical biochemical reactions (Table 7.6) also support that they were probably 
clonally related. 
Based on the FAFLP similarity less than the 80% (cut-of f level at strain level, see 
page 105) and different biochemical results (Table 7.6), the remaining 10 isolates 
were probably clonally unrelated (despite o f their same ERIC pattern). Other high 
discriminatory typing methods such as PFGE may be also performed to conf i rm 
their unrelatedness. 
In summary, most A U A group isolates were confirmed to be clonally unrelated by 
ERIC, FAFLP and phenotypic methods w i th the exception o f the 11 U54 isolates 
and isolates 8405 and 3268 o f group U19. 
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8.1 Possible genomic species identification of the representative AUA 
groups 
Eleven group U l , 9 group U2, 5 group U19, 11 U54 and 6 group U57 isolates each 
having their own unique ARDRA profiles were characterized by tDNA 
fingerprinting, FAFLP and phenotypic methods in this study. 
A U A groups were compared in two ways: (i) comparison o f isolates within the 
same A U A group, (i i) comparison o f each A U A group with the reference strains. 
Comparison of isolates within the same AUA groups 
Results from comparing isolates within the same A U A group by the two genotypic 
and phenotypic methods are summarized in Table 8.1. 
Table 8.1 Summary of comparison of isolates within the same AUA group by tDNA 
fingerprinting, FAFLP and phenotypic methods 
AUA group (No. of isolates) 
^ ^ U19a* U19b* m U57a* U57b* 
(11) (9) (3) (2) (11) (3) (3) 
tDNA fingerprinting U2) 1(2) HTH uT^ 
Cluster (No. of isolates) 11(6) n (2) 
Outsider(s) ！‘* jf 1 
FAFLP 1(7) 1(9) 1(2) � ⑴ ） •⑷, 
Cluster (No. of isolates) „ (2) … ” 显⑷. 
Outsider(s) 4b g^ 
Phenotypical method 1(10) 1(8) I (2) i ⑴ 、 
Clusters (No. isolates having j j (3) ’ ^^^ 
same reactions in ' ' ' 
4 key tests**) 
Outsider jC jc 
Antibiogram pattern I (11) 1(9) 1(2) i ⑴） 【⑷ 
11(3) 
~ ~ ~： Different methods clustered isolates of the same AUA group to different groups 
** : temperature tolerance test, glucose acidification, gelatin liquefaction and hemolysis 
a: isolates 3539, 7601; isolates 4321, 7020’ 7029 & 7601; isolate 3539. « • ii)late7611. 
c: isolate 4345; r: isolate 681; s: isolate 951 ’ .丨s。丨ate/e>l 1’ 
Two U19a Isolates in cluster I (2) grouped by different methods were the same-
Isolates in cluster I (4)! differed from that in II (4) ！ ’ 
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Only group U54 isolates, recovered f rom different types o f cl inical specimens 
wi th in a week (Table 7.4), were shown to be highly similar based on their A R D R A 
profiles, t D N A , FAFLP fingerprints and biochemical reactions, and ERIC PCR 
typing method also suggested that they were probably clonally related (see Table 
7.4). 
For the other 4 A U A groups ( U l , U2, U19 and U57), the isolates w i th in the same 
group showed intragroup variabi l i ty by t D N A fingerprinting, FAFLP and 
phenotypic methods. The three methods grouped the isolates wi th in the same A U A 
group into different clusters w i th the exception o f cluster I (2) bolded in Table 8.1. 
The isolates in cluster I (4)! bolded grouped by FAFLP were different f rom that 
by phenotypical method. The two isolates in clusters I (2) were two clonally 
related U19 isolates (3268 and 8405) which had been confirmed by PFGE in the 
study o f Chu et al (1999). The t D N A , FAFLP fingerprints, phenotypic and ERIC 
typing methods supported their close relatedness. 
The intragroup variabil i ty found in U l , U2, U19 and U57 may be explained by: ( i) 
the possibil ity that isolates w i th the same A R D R A profiles belonged to different 
D N A groups as suggested by Lenie Di jkshoom (Di jkshoom et al., 1998) ( i i ) the 
different polymorphisms revealed by two genotypic methods: t D N A fingerprinting 
reveals polymorphisms between spacer regions o f t R N A genes whereas FAFLP 
reveals polymorphisms f rom the whole genome (see 1.4.2 & 1.4.3), ( i i i ) the fact 
that the phenotype is not sufficient to distinguish strains. 
For groups U l and U2, excluding the outsiders revealed by the three methods 
( C U H K 3539，4321, 7020, 7029 and 7601 for U l and 4345, 7611 for U2), the 
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remaining isolates were also shown to be genotypicaily and phenotypically similar 
among themselves wi th in the same A U A group. 
For antibiogram patterns, isolates wi th in the same A U A group showed similar 
susceptible patterns to the 11 antimicrobial agents w i th the exception o f U19, in 
which hemolytic isolates were more resistant to imipenem and aminoglycosides 
than non-hemolytic isolates. 
Comparison of each AUA group with the reference strains 
The results in Table 8.2 show that U54 isolates were l ikely related genotypicaily 
and phenotypically to A. baumannii/Acb complex, and U57 to A. johnsonWA. 
The remaining 3 A U A groups, U l , U2 and U19 were unrelated to any 
known D N A groups. The 6 isolates o f group U l showed similar genotypic and 
phenotypic characteristics, and as did the 7 isolates o f group U2; they may 
therefore represent new yet undescribed D N A groups. The 3 isolates o f group U19 
were genotypicaily and phenotypically diverse. 
( i) U54 - the A U A group l ikely to be r g l a ^ t o the Acb complex 
Eleven clonally related U54 isolates had an A R D R A prof i le 111(1+2)1，which 
differed f rom that o f A baumannii (11121) only by Rsa\ restriction pattern. t D N A 
fingerprinting related them to D N A group 13TU, FAFLP to strain R U H 875 o f 
D N A group 2 and phenotypic to both D N A groups 2 and 13TU. Since D N A 
groups 1, 2, 3 and 13TU in Acb complex could not be distinguished by t D N A 
fingerprinting in this study (see 4.2.1), results obtained f rom phenotypic and 
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FAFLP and their A R D R A profiles supported the hypothesis that U54 isolates were 
more related to A. baumannii rather than D N A group 13TU. 
( ) ——^― ——— ——^^ -- — — - —^^ to A.johnsonWA. Iwoffii (DNA 
groups 7/8) —— 
Six epidemiologically clonally unrelated U57 isolates, all f rom pork and meat, had 
A R D R A profiles (1+5)4122 or 54122, which differed f rom that o f A. johnsonii 
(14122) only by Cfol restriction pattern 1. The combination pattern of Cfol (1+5) 
observed in A. johnsonii (profile 14122) has been reported by Seifert et al (1997), 
who explained the phenomenon o f mixed patterns by minor variations in the 
nucleotide sequences o f the mult iple copies o f the 16S ribosomal gene. Four o f six 
U57 isolates could not grow at 37。C and had profiles (1+5)4122 and 54122. A l l A. 
johnsonii and 23% o f A. Iwoffii strains (Table 1.3) gave negative results in 37。C 
growth test. Also, most A. Iwoffii and A. johnsonii are glucose non-acidifying, 
asacharolytic and more susceptible to most antibiotics (Gemer-Smidt, 1987), and 
are found predominantly in non-clinical environment (Bergogne-Berezin et al., 
1996). A R D R A , t D N A fingerprinting, FAFLP and phenotypical methods showed 
only minor discrepancies in relating U57 isolates to A. Iwoffii/A. johnsonii ( D N A -
groups 7/8) in Table 8.2. The evidence f rom t D N A fingerprinting, FAFLP and 
phenotypical methods supports the possible relationship o f U57 to A . Iwof f i i / A. 
johnsonii (DNA groups 7/8). 
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( i i i ) 坐 4 groi ip^i in i；丝电 to any ^ o w n D N A group 
Group 
There was a remarkable degree o f uniformity among the 6 group U1 isolates 
excluding 5 outsiders revealed by the three methods ( C U H K 3539，4321，7020, 
7029 and 7601). The results o f relatedness study in Table 7.1 and 7.6 show that 
they were clonally unrelated to each other. They were shown to be unrelated to 
any known D N A groups by the three methods, and may therefore represent a new 
yet undescribed D N A group and warrant further investigation. 
Group U2 
U2 isolates excluding the 2 outsiders ( C U H K 4345 and 7611) revealed by the three 
methods had common genotypic and phenotypic characteristics and were clonally 
unrelated by the relatedness study (Table 7.2 and 7.6). They were shown to be 
unrelated to any known D N A groups, and thus may represent a new yet 
undescribed D N A group. 
Group U19 
Three U19 isolates ( C U H K 681, 937, 951), recovered f rom the skin carriage 
studies，were shown to be heterogeneous based on two genotypical and 
phenotypical methods, and were clonally unrelated by the relatedness study (Table 
7.3 and 7.6). These 3 isolates could not be characterized and thus require further 
investigation. The other 2 U19 isolates 3268 and 8405 were suggested to be 
clonally related (Chu et a!., 1999, Table 7.3 and 7.6). A l l U19 isolates were 































































































































































































































































































































































































































































































































































































































































































Chapter 8 General Discussion 
8.2 Comparison of ARDRA, tDNA fingerprinting, FAFLP and 
the phenotypic methods 
FAFLP and phenotypic methods are relatively laborious and time-consuming 
compared wi th A R D R A and t D N A fingerprinting methods. The D N A template 
preparation in A R D R A and t D N A fingerprinting methods is just a quick boil-
lysis (see 2.5 and 2.7). FAFLP method however involves tedious procedures for 
D N A genome extraction, restriction and l igation (see 2.8). The conventional 
phenotypic methods require tedious media preparation (see 2.2.3) and a long 
period o f incubation (see 2.6). 
Both t D N A fingerprinting and FAFLP methods require expensive equipment 
such as an automated fragment detection system (ALFexpress) which does 
however provide them wi th both superior resolution and automated electronic 
storage o f data. 
The FAFLP fingerprints o f 40 to 50 bands obtained w i th Acinetobacter are far 
more complex than the t D N A fingerprints (12 to 20). Also the banding patterns 
o f FAFLP are distinct and clear, and are suitable for computerized analysis, fhe 
data generated are therefore suitable for rapid electronic dissemination, 
manipulation, and interlaboratory comparison. Af ter standardization o f 
methodology, FAFLP fingerprint profiles could be stored in national or 
international centers and used as l ibrary typing where types can be compared 
over t ime and place between studies f rom different laboratories for further 
epidemiological analysis (Stmelens et al, 1996). 
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Phenotypic methods could relate the 11 U54 and 6 U57 isolates to described 
D N A groups, but not the other three A U A groups. These results are in agreement 
w i th those from the two genotypic methods, indicating phenotypic characters are 
valuable in the delineation o f taxa. 
Discriminatory power 
A R D R A is l imited in its discrimination o f several D N A group including 4, 7 and 
13BJ/14TU wi th the profiles 14122/14122+3, D N A groups 5 and 17 w i th profi le 
12123, and D N A groups 10 and 11 w i th profi le 42123. 
t D N A fingerprinting has low discrimination in differentiating Acb complex, D N A 
groups 4 and 5, and the recently described D N A groups: 13BJ to 15BJ, 16 and 17. 
FAFLP could differentiate most D N A groups, but discrepancies between FAFLP 
and D N A homology data were found in D N A groups 2, 7, 8 or 8/9 and 15BJ. 
More reference strains are required to clari fy this point. In addition, FAFLP 
fingerprinting revealed U54 isolates had indistinguishable patterns w i th high 
similarity above 80% when compared w i th reference strains (Fig.5.6b), and so 
did isolates 3268 and 8405 w i th similarity o f above 80% (Fig 5.5a and 5.5b). 
These isolates were suggested to be clonally related by their ERIC patterns and 
biochemical reactions (see chapter 8)，thus supporting the v iew o f FAFLP as a 
method for strain typing (Janssen and Di jkshoom, 1996; Di jkshoom et al,, 1996). 
As a result, FAFLP was shown to be more discriminatory than t D N A 
fingerprinting as it could differentiate Acinetobacter at both species and strain 
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levels (4.2.1 and 5.2.1; Janssen and Di jkshoom, 1996; Di jkshoom et al., 1996b) 
as a result o f its abil i ty to reveal a greater degree o f D N A polymorphisms. 
Reproducibility 
Our results, in sections 4.2.1 and 5.2.1, show that the reproducibil i ty o f FAFLP 
method was superior to that o f t D N A fingerprinting method. 
Limitations 
A R D R A method 
About 15% o f our cl inical and 50% o f environmental acinetobacters (Table 3.5) 
could not be classified by the existing A R D R A database because it is based 
mainly on European cl inical and some environmental strains. The existing 
database needs to be expanded for genomic species identif ication o f 
environmental and clinical strains f rom other geographical regions. 
Phenotypic methods 
Some A U A isolates might not be identif ied properly by the identif ication matrix 
based on Gerner-Smidt et al. (1991) because: ( i ) the identif ication database may 
not mclude well-defined strains o f different sources f rom different geographical 
locations, ( i i ) various studies have shown that members o f the same species but 
f rom different ecological niches may exhibit considerable differences. Thus, the 
phenotype o f a species is not an absolute property (Maslow et aL, 1993; Soddell 
et al” 1993). 
156 
Chapter 8 General Discussion 
t D N A fingerprinting method 
The reproducibil i ty o f t D N A fingerprinting was found to be low (only 80% 
intergel correlation o f the internal reference strain, derived from separate 10 gels 
and PGR runs), which may make interlaboratory comparisons di f f icul t . Perhaps, 
t D N A fingerprinting may be improved by using standardized PGR reagents and 
amplif ication conditions. Then, a l ibrary w i th many strains can be constructed 
and large numbers o f strains can be at least be screened. Strains left unclassified 
can be further identif ied by other methods. 
Overall, A R D R A is preferred to t D N A fingerprinting for genomic species 
identif ication o f Acinetobacter in terms o f reproducibi l i ty, rel iabil i ty and cost. 
But A R D R A may be inherently less suitable than FAFLP analysis for genotyping 
(Janssen et al, 1996; Grady et al, 1999) since FAFLP assess the whole genome 
o f acinetobacters rather than just the ribosomal R N A genes. t D N A , however, may 
be a good choice when differentiating a large number o f acinetobacters at the 
species level because o f its simplicity and rapidity, and phenotypic methods are 
suitable in small laboratories because o f the low cost and ease o f use. 
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8.3 Conclusion and significance of the AUA groups studied 
In conclusion, no single genotypic or phenotypic method was capable o f 
unequivocal identif ication o f the A U A groups alone. 
The combined results o f the t D N A fingerprinting, FAFLP and phenotypic 
methods were possibly useful to relate 2 A U A groups (U54 and U57) to known 
D N A groups. Profile 111(1+2) 1 o f group U54 (clonally related isolates) might 
be a new profi le for A. baumannii and profiles (1+5) 4122 and 54122 o f group 
U57 were related to A. johnsonii and A. Iwoffii. These new profiles may be used 
to expand the existing A R D R A profiles database and make it more applicable to 
other regions. 
The six group U1 and seven group U2 clonally unrelated isolates, which had 
common genotypic and phenotypic characteristics, may represent new yet 
undescribed genomic species. The identif ication o f U l and U2 to novel genomic 
species may help in elucidating their cl inical and ecological roles in human 
pathology. 
Group U19 isolates excluding the two clonally related isolates, had different 
genotypic and phenotypic characteristics, required further investigation. 
FAFLP method had been shown to be highly robust, reproducible and 
discriminatory at both species and strain levels. 
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8.4 Future w o r k 
In this study, a certain percentage o f acinetobacters isolated f rom both clinical 
and natural environments in Hong Kong had been shown to be not classifiable by 
the existing A R D R A profiles database. The novel A R D R A profiles related to 
known D N A groups found in Hong Kong might be used to expand the existing 
database. The identif ication o f group U54 and U57 to known genomic species 
have to be confirmed by D N A - D N A hybridization. For groups U l and U2, 
further investigations should be performed including D N A - D N A hybridization 
before assigning them to novel genomic species according to the 
recommendations o f the ad hoc committee on taxonomy (Wayne et al, 1987) 
FAFLP fingerprints can reveal the polymorphisms o f the whole genome and 
therefore are more informative. Thus, a library o f FAFLP fingerprints might be 
set up at regional and international levels for identif ication and comparison o f 
epidemic strains. 
Lastly，the common FAFLP bands that were unique to a D N A group might be 
sequenced to produce a specific-species probe for rapid identif ication o f 
Acinetobacter species. 
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APPENDIX 1 
Overview of ARDRA patterns obtained after restriction o f the amplified 16S rRNA 
gene with a standard panel o f five restriction enzymes from Dijkshoom et al. (1998) 
Cfol 4/1/1 Mbol Rsal Mspl 
M M M M M M 
I I I ! I l l M i l l I I I I i I I I I I 
n 1 2 3 4 5 6 7 1 2 3 4 5 1 2 3 1 2 4 1 2 3 1+3 
2+3 
M, molecular size marker (100-bp ladder). Numbers below each lane correspond to ARDRA pattern 
designations for each different enzyme. 
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APPENDIX 2 
ARDRA profiles of 202 Acinetobacter reference strains previously identified to genomic species by use of 
DNA-DNA hybridization (Dijkshoom et al., 1998). 
Strain'' Designation as received Source Restriction Patterns 
and/or other designations' 
C/oI AM Mbo\ Rsa\ Mspl Bfa\ BsmAl 
Genomic species 1 (A. calcoaceticus) 
RUH 220r ATCC23055T d，r soil 2 2 1 1 3 
RUH 54 LMD 22.17, 2' soil 2 2 1 1 3 
RUH 583 3-= soil 3 2 1 1 3 
RUH 584 4e soil 2 2 1 1 3 
RUH 944 i.v.catheter 2 2 1 1 3 
RUH 582 & soil 2 2 1 1 3 
RUH 2202 42"'?'^  wound 2 2 1 1 3 
RUH 2203 wound 2 2 1 1 3 
Genomic species 2 {A. baumannii) 
RUH 2207 sputum 1 1 1 2 3 
RUH 112 10。 wound 1 1 1 2 3 
RUH 88 IV wound 1 1 1 2 3 
RUH 1147 12。 toe web 1 1 1 2 3 
RUH 510 bronchus 1 1 1 2 1 
RUH 1052 LMD 82.54，14。 not known 1 1 1 2 1+3 
RUH 1063 NCTC 7844, 15" not known 1 1 1 2 1 
RUH 557 16" urine 1 1 1 2 3 
RUH 48 17。 wound 1 1 1 2 3 
RUH 413 19'= pus 1 1 1 2 1 
RUH 336 20"^  sputum 1 1 1 2 3 
RUH 2208 144d，2r wound 1 1 1 2 3 
RUH 871 22' urine 1 1 1 2 1 
RUH 230 23' wound 1 1 1 2 3 
RUH 872 24'-- urine 1 1 1 2 1 
RUH 2209 ATCC 17904'', 25^  urine 1 1 1 2 3 
RUH 1019 26' wound 1 1 1 2 1 
RUH 213 I T sputum 1 1 1 2 1 
RUH 882 28e urine 1 1 1 2 1 
RUH 436 29"^  sputum 1 1 1 2 1 
RUH 523 30。 urine 1 1 1 2 3 
RUH 134 3V urine 1 1 1 2 3 
RUH 215 32= blood 1 1 1 2 1 
RUH 875 33。 urine 1 1 1 2 1 
RUH 150 34c urine 1 1 1 2 3 
RUH3023T CCUG 19096"", urine 1 1 1 2 1 
ATCC 19606丁，35*= 
RUH 1093 36^ - sputum 1 1 1 2 1 
RUH 332 3 r blood 1 1 1 2 3 
RUH 210 sputum 1 1 1 2 3 
RUH 128 39e sputum 1 1 1 2 3 
RUH 97 40。 sputum 1 1 1 2 3 
RUH 447 4V catheter tip 1 1 1 2 1 
RUH 414 42' ear 1 1 1 2 1 
RUH 3242 V bum 1 1 1 2 1 
RUH 3344 2f bum 1 1 1 2 1 
RUH 2032 6f sputum 1 1 1 2 1 
RUH 2033 y sputum 1 1 1 2 1 
RUH 3370 16f resp 1 1 1 2 3 
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Genomic species 2 (A. baumannii) (continued) C/oI Alul Mbo\ Rsa\ Mspl Bfa\ BsmAl 
RUH 3371 resp 1 1 1 2 3 
RUH 1752 138 bronchus 1 1 1 2 1 
RUH 2180 19s sputum 1 1 1 2 3 
RUH 3238 GNU 1084,7^ bum wound 1 1 1 2 1 
RUH 3429 TU 147’ 24® wound 1 1 1 2 1 
RUH 1486 178 umbilicus 1 1 1 2 1 
RUH 1907 188 bronchus 1 1 1 2 3 
RUH 2688 228 pharynx 丨 1 l 2 1+3 
RUH 3239 GNU 1083,68 urine 1 1 1 2 1 
RUH 3240 GNU 1086,8® resp.tract 1 1 1 2 3 
RUH 3242 GNU 1082,5® wound 1 1 1 2 1 
RUH 3245 GNU 1080，38 CSU 1 1 1 2 3 
RUH 3247 GNU 1078，F rectal mucosa 1 1 1 2 1 
RUH 3281 GNU 1081，4g trach.aspirate 1 1 1 2 1 
RUH 3282 GNU 1 0 7 9 ， t r a c h . site 1 1 1 2 1+3 
RUH 3410 MB 142,29® skin 1 1 1 2 1 
RUH 3413 SJH9/MB 264,308 skin 1 1 1 2 1 
RUH 3423 PGS 9971,268 urine 1 1 1 2 1 
RUH 3425 PGS 10086,28® urine 1 1 1 2 3 
RUH 3414 SJH 26/MB 228,318 nail fold 1 1 1 2 1 
RUH 3422 PGS 189, 25s crural ulcer 1 1 1 2 3 
RUH 3424 PGS 10074,27s urine 1 1 1 2 1 
RUH 3428 TU 133,23s wound 1 1 1 2 3 
RUH 3212 04/90 Vllh vlflow 1 1 1 2 1 
RUH 3323 patBh blood 1 l 1 2 1+3 
Genomic species 3 
RUH 2204 102'', 43*= wound 2 1 3 1 3 
RUH 502 44c drain 2 1 3 1 3 
RUH 1163 45c toe web 2+3 1 3 1 3 
RUH 2205 162d，46<= wound 2 1 3 1 3 
RUH 1020 AT bronchus 2 1 3 1 3 
RUH 411 4S' sputum 2 1 3 1 3 
RUH 509 49e bronchus 2 1 3 1 3 
RUH 37 50e blood 2 1 3 1 3 
RUH 408 51。 not known 2+3 1 3 1 3 
RUH 468 52e urine 2 1 3 1 3 
RUH 56 LMD 79.41，53。 not known 2 1 3 1 3 
RUH 532 54-' urine 2 1 3 1 3 
RUH 2206 ATCC 19004d, 55e CSF 2 1 3 1 3 
RUH 1942 " f urine 2 1 3 1 3 
RUH 1944 12' urine 2 1 3 1 3 
RUH 1026 58' urine 2 1 3 1 3 
RUH 1266 19' bronchus 2 1 3 1 3 
RUH 1444 r urine 2 1 3 1 3 
RUH 3330 pat M'' blood 2 1 3 1 3 
RUH 3353 patTh blood 2 1 3 1 3 
RUH 2783 pat iii'' liquor 2 1 3 1 3 
RUH 3199 patD" tube 2 1 3 1 3 
RUH 3201 08/89 I V sink 2 1 3 1 3 
RUH 3202 08/89IV^ sink 2 1 3 1 3 
RUH 3321 pat Ah blood 2 1 3 1 3 
RUH 3334 patRh blood 2 1 3 1 3 
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Genomic species 4 (A. haemolyticus) Cfol Alul Mbol Rsal Mspl Bfal BsmM 
RUH 2213 197d，56«= wound 1 4 1 2 2 1 
RUH 415 5T pus 1 4 1 2 2 1 
RUH 55 LMD70.9，58e not known 1 4 1 2 2 1 
RUH 406 Gilardi 2890，59e not known 1 4 1 2 2 1 
RUH2215T ATCC 17906丁’d’60c sputum 1 4 1 2 2 1 
RUH 44 6 r air 1 4 1 2 2 1 
RUH 2214 6ld’62c not known 1 4 1 2 2 1 
Genomic species 5 {A. junii) 
RUH2228T ATCC 17908T’d,63c urine 1 2 1 2 3 3 
RUH 204 64= blood 1 2 1 2 3 3 
RUH 383 65^= not known 1 2 1 2 3 3 
RUH 2229 124", 66' surgical gown 1 2 1 2 3 3 
RUH 2230 178", 6T water 1 2 1 2 3 3 
RUH 3198 patch sputum 1 2 1 2 3 3 
Genomic species 6 
RUH 2867 ATCC 17979", 68" throat 1 1 2 2 2 
LUH 286 MGH 97923，39"^  urine 1 1 2 2 2 
Genomic species 7 {A. johnsonii) 
RUH 223 r ATCC 17909T’d，69e gut 1 4 1 2 2 2 
RUH 2233 92\ W urine 1 4 1 2 2 2 
RUH 2855 68", I V urine 1 4 1 2 2 2 
RUH 2856 97", 72-= urine 1 4 1 2 2 2 
RUH 2857 112", I T urine 1 4 1 2 2 2 
RUH 2232 153d’ 75。 faeces 1 4 1 2 2 2 
RUH 2859 137^ 76"= urine 1 4 1 2 2+3 2 
LUH 540 LMD 90.19,21 OA' activated sludge 1 4 1 2 2 2 
RUH 2858 134d,74e urine 1 4 1 2 2 2 
Genomic species 8 / 9 (A Iwoffii) 
RUH2219T NCTC 5866T’d，77。’ not known 3 3 2 1 2 
RUH 551 78e not known 3 3 2 1 2 
RUH 45 79c blood 3 3 2 1 2 
RUH 2221 44d’80e prostate seer. 3 3 2 1 2 
RUH 548 8 r eye 3 3 2 1 2 
RUH 74 82*^  not known 3 3 2 1 2 
RUH 302 S3' skin 3 3 2 1 2 
RUH 1104 84"= skin 3 3 2 1 2 
RUH 1115 85^ skin 3 3 2 1 2 
RUH 549 86。 urine 3 3 2 1 2 
RUH 303 87"= door 3 3 2 1 2 
RUH 709 88••‘ wound 3 3 2 1 2 
RUH 2220 202^ 89"= urine 3 3 2 1 2 
LUH 1710 62"\CIP 70.31, gangren.lesion 3 3 2 1 2 
ATCC 995卞 ‘ 
LUH 1711 63"\ SEIP Ac 84.203 chicken 3 3 2 1 2 
LUH 1712 64"\ SEIP 14.84 sperm culture 3 3 2 1 2 
LUH 1713 65m，CIPA162, conjunctivitis 3 3 2 1 2 
ATCC 17968" 
LUH 1714 66^ CIP 70.19, not known 3 3 2 1 2 
ATCC 17984 
LUH 1715 6 T , SEIP 4.83 pus 3 3 2 1 2 
Genomic species 10 
RUH 2222 198", 90"^  urine 4 2 1 2 3 1 
RUH 2223 IU:2\9V wound 4 2 1 2 3 1 
RUH 2224 ATCC 17924", 92' not known 4 2 1 2 3 1 
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Genomic species 11 Cfol AM Mbol Rsal Mspl Bfal BsmAl 
RUH 2234 174<*，93‘’ contact lens 4 2 1 2 3 2 
RUH 2861 CIP 63.46", not known 4 2 1 2 3 2 
ATCC 11171,94'= 
RUH 1050 LMD 81.109,95e not known 4 2 1 2 3 2 
RUH 2236 51〜96•“、 urine 4 2 1 2 3 2 
RUH 2235 210", 9T wound 4 2 1 2 3 2 
RUH 2860 58bd, 98^ wound 4 2 1 2 3 2 
LUH 287 MGH 97931,225k sputum 4 2 1 2 3 2 
Genomic species 12 {A. radioresistens) 
RUH 2225 109^ 99' urine 7 3 2 2 1 
RUH 2864 SEIP 12.81", lOO" urine 7 3 2 2 1 
RUH 2226 152d, lOF wound 7 3 2 2 1 
RUH 2862 26〜102。 sputum 7 3 2 2 1+3 
RUH2865T FO-r^IAMO 186 ,^103' cotton 7 3 2 2 3 
RUH 2863 73M04'= wound 7 3 2 2 3 
RUH 2227 50M05"= urine 7 3 2 2 1+3 
RUH 3517 feather pillow 7 3 2 2 3 
Genomic species 13 sensu Bouvet & Jeanjean / Genomic species 14 sensu Tjernberg & Ursing 
LUH 1718 134", SEIP 5.84 blood 1 4 1 2 2 1+2 
LUH 1719 376", K. Irino 214/84 CSF 1 4 1 2 2+3 5 
LUH 1720 496", SEIP 86.66 skin 1 4 1 2 2 1 
LUH 1721 552", SEIP Ac 86.158 skin 1 4 1 2 2+3 5 
LUH 1722 943", SEIP Ac87.315 unknown 1 4 1 1 2+3 5 
human origin 
LUH 1723 1001", SEIP Ac 87.348 skin 1 4 1 2 2+3 5 
LUH 1724 1158", SEIP Ac 88.239 skin 1 4 1 2 2 1 
LUH 1725 1191", P.Osterrieth 190 catheter 1 4 1 2 2+3 5 
RUH 2216 71", \ \ T conjunctiva 1 4 1 2 3 1 
RUH 2866 114", 118'= CSF 1 4 1 2 3 1 
RUH 2217 10ld，119e conjunctiva 1 4 1 2 3 1 
RUH 2218 ATCC 17905", 120"= conjunctiva 1 4 1 2 2+3 6 
RUH 3206 patHh sputum 1 4 1 2 3 1 
RUH 3207 pat sputum 1 4 1 2 3 1 
RUH 3211 04/90 WV resp.flow meter 1 4 1 2 3 1 
Genomic species 13 sensu Tjernberg & Ursing 
RUH 2210 ATCC 17903d，106。 not known 2 1 1 1 1 
RUH 2624 107。 skin forehead 2 1 1 1 1 + 3 
RUH 2285 108^ bronchus 2 1 1 1 3 
RUH 2376 109'= sputum 2 1 1 1 3 
RUH 503 llO'^  urine 2 1 1 1 3 
RUH 2041 I I P post mortem 2 1 丨 1 1 + 3 
RUH 2284 bronchus 2 1 1 1 3 
RUH 2627 113。 rectum 2 1 I l 3 
RUH 412 114。 blood 2 1 1 1 1 
RUH 2211 100d，n5e gastric fistula 2 1 1 1 3 
RUH 2212 165 d，116"= urine 2 1 1 1 3 
RUH 3417 2l f sputum 2 1 1 1 3 
RUH 3418 22' sputum 2 1 1 1 3 
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Genomic species 14 •seAi^sM Bouvet &Jeanjean Cfol Alul Mbo\ Rsal Msp\ Bfa\ BsmAl 
LUH 1087 MGH 9968l,K.irino 105/85 conjunctiva 5 5 1 2 3 
LUH 1088 MGH 99871,CCUG14816 wound 5 5 1 2 3 
LUH 1726 382", K. Irino 105/85 conjunctiva 5 5 1 2 3 
LUH 1727 513", CCUG 14816, wound 5 5 1 2 3 
Gilardi GLG 4638 
LUH 1728 743", not known 5 5 1 2 3 
RE Weaver CDC E655 
Genomic species 15 sensu Bouvet & Jeanjean 
LUH 1729 79", skin 1 2 1 2 2 2 
M.M.Adam Ac606 180:40 va. 
LUH 1730 81", SEIP 23.78 urine 1 2 1 2 2 
Genomic species 15 sensu Tjemberg & Ursing 
LUH 1090 151ad，MGH 98795 urine 6 2 1 1 3 
LUH 1091 118d, MGH98794 faeces 6 2 1 1 3 
Genomic species 16 
LUH 1731 78", CIP 70.18, urine 1 2 1 4 2 
ATCC 17988 
LUH 1732 673",SEIP Ac87.123 urine 1 2 1 4 2 
LUH 1733 1011" skin 1 2 1 4 2 
LUH 1734 1211", P. Osterrieth312 faeces 1 2 1 2+4 2 
Genomic species 17 
LUH 1735 641", SEIP 2/87 wound 1 2 1 2 3 4 
LUH 1736 942",SEIP Ac87.314 leg ulceration 1 2 1 2 3 4 
Unclassified strains 
LUH 1738 631", CCUG 14818 ear 1 2 1 2 2 
LUH 1739 640", SEIP 1/87 wound 1 2 1 2 3 
LUH 1737 80", SEIP 14.83 blood 1 4 1 4 3 
LUH 1740 930", SEIP 87.302 trach. exudate 1 4 1 4 3 
LUH 1741 944", SEIP Ac87.316 wound 1 4 1 4 3 
LUH 1742 1240", RUH 65 clinical spec 1 4 1 4 3 
LUH 1743 1271", RUH 422 urine 1 5 1 2 3 
LUH 1469 MGH 99613, 10095° abscess 3 5 1 1 3 
LUH 1470 MGH 99614, 10169° sputum 3 5 1 1 3 
LUH 1471 MGH 99896,5804° blood 3 1 3 1 3 
LUH 1472 MGH 99685, 10090° ulcer 3 1 1 + 3 1 3 
RUH 3329 patKh blood 1 4 3 4 3 
RUH 53 ATCC 13809 soil 2 5 1 1 3 
RUH 175 blood 1 2 1 4 3 
RUH 203 liquor 1 2 1 2 2 
RUH 581 soil 3 3 1 1 2 
RUH 1139 throat 3 1 1 1 3 
" T, type strain 
b Designations of collection L. Dijkshoom, RUH=Rotterdam University Hospital, LUH=Leiden University Hospital 
ATCC，American Type Culture Collection, Rockville, Md, USA; LMD, LMD Culture Collection, University of 
Technology, Delft, The Netherlands, NCTC, National Collection of Type Cultures, London, United Kingdom; 
CCUG, Culture Collection, University of GOteborg, GOteborg, Sweden; CIP, Collection de I'lnstitut Pasteur, Paris, France; 
SEIP，Service des Ent^robactdries de I'lnstitut Pasteur, Paris, France; I AM, Institute of Applied Microbiology, The University 
of Tokyo, Tokyo, J叩an, MGH, Collection ofMalmoe General Hospital, Malmoe, Sweden. 
"Designat ion used by Tjemberg & Ursing, APMIS 1989, 595-605 
e Serial no. used by Dijkshoom et al. System. Appl. Microbiol. 1990，338-344 
f Designation used by Dijkshoom et al., J Clin. Microbiol. 1993, 702-705. 
s Designation used by Dijkshoom et al.’ J Clin. Microbiol. 1996, 1519-1525 
h Designation used by Horrevorts et al., J Clin. Microbiol. 1995,'1567-1572 
‘ Designation used by Dijkshoom et al., J Clin. Path. 1993,46:533 
"Designat ion used by Gemer-Smidt et al., J Clin. Microbiol. 1991,277-282 
‘Designat ion used by Bonting et al., FEMS Microbiol. Ecol. 1992, 57-64 
"‘Designation used by Bouvet & Grimont, Int. J. System. Bacteriol'. 1986，228-240 
“Designat ion used by Bouvet & Jeanjean，Res. Microbiol. 1989’ 291-299 
° Strain no. used by Gemer-Smidt & Tjemberg, APMIS 1993’ 826-832 
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APPENDIX 3 
Detail descriptions of the 101 novel ARDRA profiles from 177 AUA 
No. of isolate AUA group ARDRA profile 
15* Ul 35TT3 
15* U2 31313 
12* U54 111(1+2)1 
5* U19a 14143 
3* U19b 14343 
3 U57a (1+5)4122 
3 U57b 54122 
3* U3 12143 
U7 52122 



























U32 l U 1(2)3 
U33a lUl(2+4)3 













* some AUA were epidemiologically related as being isolated from the same patient 
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-(continued) 
No. of isolate AUA group ARDRA profile 
1* U46 121U3 
U47 14112 
U48 15123 
U49 1UU( 1+2)3 
U50 1U12U 
U51 21(1+3)13 
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